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(54) Printing apparatus and printing registration method 

(57) A printing apparatus and a printing registration 
method permits printing registration between a forward 
and a reverse scan of a head cartridge (1 ) or (4) between 
a plurality of head cartridges without troubling a user and 
simply. By forward and reverse scan of the head car- 
tridge (1) or (4), a plurality of patterns, in which a print 
start timing of the reverse scan is shifted per a prede- 
termined amount relative to that of the forward scan, are 
printed. These patterns may vary an area factor by the 
dots formed by printing depending upon offset amount. 
On the other hand, the plurality of patterns are optically 
read an average density. By this, the timing, at which 
the read average density is maximum is set as the print- 
ing registration condition. 
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Description 

The present invention relates generally to a printing 
apparatus and a printing registration method. More par- 
ticularly, the invention relates to a technology tor en- 
hancing printing registration upon a bidirectional printing 
performing printing during a forward scan and a reverse 
scan of a printing head or upon printing employing a plu- 
rality of printing heads. 

Conventionally, printing registration of this kind is 
generally performed in the following manner. 

For example, upon printing registration in a forward 
scan and a reverse scan upon performing bidirectional 
or reciprocal printing, a relative printing registration con- 
dition for bidirectional scan is varied by adjusting re- 
spective printing timing in the forward scan and the re- 
verse scan to perform printing ruled lines on a printing 
medium by performing the bidirectional scan in respec- 
tive conditions. Then, a result of printing is observed by 
a user or the like to select the printing condition where 
best printing registration is achieved and to set the print- 
ing condition concerning printing registration in a print- 
ing apparatus, a host computer or the like. 

In printing registration between heads when a plu- 
rality of printing heads are employed, the ruled lines are 
printed by respective heads with varying the relative 
printing registration condition to select the printing reg- 
istration condition where the best printing registration is 
attained, by the user or the like, similarly to the above, 
to set the selected printing registration condition in the 
printing apparatus, the host computer or the like. 

However, in such conventional printing registration 
method, it is required to select the printing registration 
condition with observing the result by the user or the like 
and to perform an operation for setting the printing reg- 
istration condition to make the operation troublesome. 
Certain users, for whom such troublesome operation is 
unfavorable, do not perform printiny registration to use 
a printing apparatus in a condition containing printing 
position offset or printing registration error in respective 
scan of bidirectional printing or between heads. 

Furthermore, in the conventional method, printing 
position can be selected only among respective printing 
registration conditions of the printed patterns. For fur- 
ther printing registration with higher precision, it be- 
comes necessary to perform printing of greater number 
of patterns with slightly varying the printing and to dis- 
tinguish delicate difference among the printed patterns 
by the user, and to select the printing registration con- 
dition. In addition to trouble of the user, it takes a long 
period in printing registration and require large number 
of patterns on the printing medium. 

The present invention has been worked out for solv- 
ing the foregoing problems in the prior art. Therefore, it 
is an object of the present invention to provide a printing 
apparatus and a printing registration method which per- 
mits printing registration without troubling a user. 

Another object of the present invention is to provide 



a method of an optimal printing registration irrespective 
of the ink to be used. 

According to the first aspect of the present inven- 
tion, a printing apparatus performing printing on a print- 
s ing medium by using a print head, comprises: 

control means for controlling the print head for form- 
ing a plurality of patterns respectively having optical 
characteristics corresponding to a plurality of offset 

io amounts, which plurality of patterns being patterns 
formed by a first printing and a second printing to 
be registered, and the plurality of patterns being 
formed corresponding to a plurality of offset 
amounts of relative printing positions of the first print 

15 and the second print; 

optical characteristics measuring means for meas- 
uring optical characteristics of respective of a plu- 
rality of patterns formed by the control means; and 
printing registration means for performing printing 

20 registration process of the first print and the second 
print on the basis ol respective optica! characteris- 
tics of a plurality ol patterns measured by the optical 
characteristics measuring means. 

25 in the printing apparatus, wherein the first printing 
and the second printing may be a print in a forward scan 
and a print in a reverse scan upon performing printing 
by bidirectionally scanning the print head on the printing 
medium. 

30 in the printing apparatus, wherein the first print and 
the second print may be a print by a first print head and 
a print by a second print head among a plurality of print 
heads, and 

the control means forms a pattern concerning an 
35 offset amount in a direction relatively scanning the first 
and second print head with respect to the printing me- 
dium. 

In the printing apparatus, wherein the control 
means may form patterns at a pitch wider than a pitch 

40 of the printing position which the printing apparatus can 
be controlled. 

In the printing apparatus, wherein the printing reg- 
istration means may derive a printing registration con- 
dition adapted to the printing position by calculation em- 

45 ploying sequential values on the basis of optical char- 
acteristics data obtained by the optical characteristics 
measuring means. 

In the printing apparatus, wherein the printing reg- 
istration means may derive a printing registration con- 

50 dition adapted to the printing position by calculation us- 
ing a linear approximation or a polynomial approxima- 
tion. 

In the printing apparatus, wherein the printing reg- 
istration means may include means for deriving a print- 
55 ing registration condition including a printing position pa- 
rameter more precise than the printing registration con- 
dition or a printing position parameter different from the 
printing registration condition. 
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In the printing apparatus, wherein the first print and 
the second print may be a print printed by a first print 
head and a print printed by a second print head, and the 
control means 1orms pattern concerning the offset 
amount in a direction different from a direction of relative 
scan of the first and- second print head with respect to 
the printing medium. 

In the printing apparatus, wherein the control 
means may arrange dots formed by the first print and 
dots formed by the second print, relative positional re- 
lationship of the dots is varied corresponding to the plu- 
rality of offset amounts for varying a ratio of the dots cov- 
ering the printing medium for forming a plurality of pat- 
terns representative of optical characteristics depend- 
ing upon the offset amounts. 

In the printing apparatus, wherein the control 
means may form a pattern reducing density of the opti- 
cal characteristics according to increasing of offset 
amount in the plurality of patterns. 

In the printing apparatus, wherein the control 
means may set a rate of coverage of the printing medi- 
um by the dots to be approximately 100% at the maxi- 
mum. 

In the printing apparatus, wherein when the rate 
may be approximately 1 00%, the control means may ar- 
range the dots formed by the first print and the dots 
formed by the second prints within a range from a dis- 
tance where respective dots contacts with each other at 
least to a distance equal to a radius of one of the dots. 

In the printing apparatus, wherein the control 
means may form a pattern increasing a density as the 
optical characteristics according to increasing ol offset 
amount in a plurality of patterns. 

In the printing apparatus, wherein the optical char- 
acteristics measuring means may measure respective 
average optical characteristics of a plurality of patterns. 

In the printing apparatus, wherein the optical char- 
acteristics measuring means may measure the optical 
characteristics by the optical sensor and a measuring 
spot of the optical sensor is set to be wider than the dots 
of the pattern. 

in the printing apparatus, wherein the optical char- 
acteristics measuring means may have an optical sen- 
sor of a lower resolution than resolution of dots printed 
by the control means. 

In the printing apparatus, wherein the optical char- 
acteristics measuring means may measure the optical 
characteristics by the optical sensor, and an average of 
the optical characteristics measured by scanning the 
optical sensor on the pattern may be taken as optical 
characteristics of a plurality of patterns. 

In the printing apparatus, wherein the printing reg- 
istration means may derive a sequential density distri- 
bution on the basis of density as respective optica) char- 
acteristics measured with respect to a plurality of the 
patterns and may set a condition corresponding to the 
maximum value of the sequential density distribution as 
an optimal printing registration condition. 
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In the printing apparatus, wherein the printing reg- 
istration means may set a condition of offset amount cor- 
. responding to the maximum density among density as 
respective optical characteristics measured with re- 
s spect to the plurality of patterns, as an optimal printing 
registration condition. 

in the printing apparatus, wherein the printing reg- 
istration means may derive a sequential density distri- 
bution on the basis of density as respective optical char- 

io acteristics measured with respect to a plurality of pat- 
terns and may set a condition corresponding to the min- 
imum value of the sequential density distribution as an 
optimal printing registration condition. 

In the printing apparatus, wherein the printing reg- 
ist ration means may set a condition of offset amount cor- 
responding to the minimum optical characteristics 
among optical characteristics as respective optical char- 
acteristics measured with respect to the plurality of pat- 
terns, as an optimal printing registration condition. 

20 Here, the printing apparatus may further comprise 
optical characteristics modifying means for making 
judgement whether the optical characteristics meas- 
ured by the optical characteristics measuring means is 
sufficient for processing printing registration by the print- 

2S ing registration means, and modifying the optical char- 
acteristics of the pattern formed by the control means 
on the basis of the judgment. 

Here, the printing apparatus may further comprise 
pattern modifying means for making judgment whether 

so the density as a plurality of optical characteristics meas- 
ured by the optical characteristics measuring means is 
decreased or increased according to increasing of the 
offset amount in an extent enabling printing registration 
process by the printing registration means, and modify- 
as ing the plurality of patterns to be formed by the control 
means on the basis of the judgment. 

In the printing apparatus, wherein the print head 
may be for performing printing by ejecting an ink and 
has a thermal energy generatin g body generating a ther- 

40 mat energy to be used for ink ejection. 

Here, in the printing apparatus, control means may 
further comprise optical ejection duty judgement means 
for printing a plurality of patterns with varying ejection 
duty in a predetermined patch, shifting either one or both 

46 of the carriage and the printing medium so that the op- 
tical sensor mounted on the carriage and the pattern to 
be the print become a corresponding position, measur- 
ing the optical reflection index with respect to the ejec- 
tion duty of the patch, deriving a region where the optical 

50 reflection index with respect to the ejection duty be- 
comes large rate of change from distribution of the 
measured optical reflection index, and deriving an opti- 
mal ejection duty at which the optical reflection index is 
maximum in the region. 

55 in the printing apparatus, wherein the maximum 
ejection duty judgement means may modify print of 
printing registration pattern to be printed next on the ba- 
sis of the optimal ejection duty derived by the optimal 
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ejection duty judgment means. 

In the printing apparatus, when the printing regis- 
tration means may perform printing registration for the 
forward scan and the reverse scan, a first pattern used 
for the print in the forward scan and a second pattern 
used for the printing in the reverse scan are pattern in- 
creasing the optical reflection index according to in- 
creasing of offset of printing position of the first and sec- 
ond patterns. 

In the printing apparatus, wherein the printing reg- 
istration means may print a first pattern to be used for 
the print in the forward scan and a second pattern to be 
used for the print in the reverse scan, shifts either or 
both of the carriage and the printing medium for placing 
the optical sensor mounting on the carriage and the pat- 
tern to be printed at corresponding positions, measures 
the optical reflection index of respective patches, de- 
rives the ejection duty, at which the variation amount of 
the optical reflection index becomes maximum, and de- 
rives the optimal printing registration condition at the de- 
rived ejection duty, when printing registration is per- 
formed for the forward scan and the reverse scan. 

Here, in the printing apparatus, wherein the control 
means may further comprise optimal ejection duty 
judgement means for printing a plurality of patterns var- 
ying ejection duty within a predetermined patches per 
each of a plurality of print heads, shifting either or both 
of the carriage and the printing medium for placing the 
optical sensor mounting on the carriage and the pattern 
to be printed at corresponding posit ions . measuring the 
optical reflection index with respect to the ejection duty 
of the patch, deriving a region where the optical reflec- 
tion index with respect to the ejection duty becomes 
large rate of change from distribution of the measured 
optical reflection index, and deriving an optimal ejection 
duty at which the optical reflection index is maximum in 
the region. 

In the printing apparatus, wherein the optimal ejec- 
tion duty judgment means may modify print of printing 
registration pattern to be printed next per each head on 
the basis of the derived optimal ejection duty per each 
head. 

In the printing apparatus, wherein the printing reg- 
istration means may print the first pattern and the sec- 
ond pattern varying the ejection rate and the printing po- 
sition shifts either or both of the carriage and the print- 
ing medium to place the optical sensor mounted on the 
carriage and the printed pattern being in the correspond- 
ing positions, derives the ejection duty where the varia- 
tion amount of the optical reflection index is maximum, 
and derives the optimal printing registration condition on 
the basis of ejection duty, when printing registration be- 
tween the print heads in the scanning direction is estab- 
lished using a plurality of print heads. 

In the printing apparatus, wherein the printing reg- 
istration means may print the first pattern and the sec- 
ond pattern varying the ejection rate and the printing po- 
sition, shifts either or both of the carriage and the print- 
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ing medium to place the optical sensor mounted on the 
carnage and the printed pattern being in the correspond- 
ing positions, measures the optical reflection index of 
respective patches, derives the ejection duty where the 

5 variation amount of the optical reflection index is maxi- 
mum, and derives the optimal printing registration con- 
dition on the basis of ejection duty, when printing regis- 
tration between the print heads in the a direction per- 
pendicular to the scanning direction is established using 

io a plurality of print heads. 

According to the second aspect of the present in- 
vention, a printing apparatus performing printing on a 
printing medium using a print head, when a pattern is 
formed by a first print and a second print to be registered 

1$ and the patterns of the prints are performed by inks of 
different color development, the apparatus comprises: 

control means for printing a predetermined patterns 
by using an ink of relatively low density for any one 

20 of the first print and the second print, and ejecting 
relatively large amount of ink tor print of the ink of 
relatively low density on the printing medium; 
printing registration condition selecting means for 
providing information of the printing position to the 

25 printing apparatus; and 

printing registration means performing printing reg- 
istration process of the first print and the second 
print on the basis of the information provided by the 
printing registration condition selecting means. 

30 

In the printing apparatus, wherein the first print and 
the second print may be a print by a first print head and 
a print by a second print head among a plurality of print 
heads, and 

35 the control means may form a pattern concerning 
• an offset amount in a direction relatively scanning the 
first and second print head with respect to the printing 
medium. 

In the printing apparatus, wherein the first printing 
40 and the second printing may be a print in a forward scan 
and a print in a reverse scan upon performing printing 
by bidirectionaliy scanning the print head on the printing 
medium. 

In the printing apparatus, wherein the printing reg- 
45 istration condition selecting means may permit the user 
to select the printing registration condition on the basis 
of the result of printing of the pattern and inputs the con- 
dition to the printing apparatus. 

In the printing apparatus, wherein the control 
so means may form a plurality of patterns respectively 
formed corresponding to a plurality of offset amounts of 
relative printing positions in the first print and the second 
print and representing respective optical characteristics 
corresponding to the offset amount, 
55 the printing registration condition selecting means 
may measure the optical characteristics of a plurality of 
patterns formed by the control means and selecting 
printing registration condition on the basis of the result 
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of measurement. 

In the printing apparatus, wherein the printing reg- 
istration condition selecting means preliminarily may 
provide intormation to be used by the print head in the 
print head and relatively varies the ejecting ink amount 
on the basis of the information. 

In the printing apparatus, wherein the control 
means may include means for varying deposition 
amounts of the first print and the second print on the 
basis of the ink amount varied by ths printing registration 
condition selecting means. 

in the printing apparatus, wherein the means for 
varying the deposition amount may eject the ink having 
lower density in relatively large amount by varying a driv- 
ing control pulse of the print head. 

In the printing apparatus, wherein the means for 
varying the deposition amount may eject the ink having 
lower density in relatively large amount by varying an 
energy applied to the print head. 

In the printing apparatus, wherein the means for 
varying deposition amount ejecting the ink may vary a 
holding temperature of the head and varies the ink dep- 
osition amount. 

In the printing apparatus, wherein means for vary- 
ing the deposition amount may eject the ink for a plurality 
of times for the same pixel. 

According to the third aspect of the present inven- 
tion, a printing method for performing printing registra- 
tion of a printing apparatus which performs printing on 
a printing medium by a printing by the print head, com- 
prises the steps of: 

forming a plurality of patterns which are patterns 
formed by the first print and the second print for es- 
tablish printing registration, respectively formed by 
corresponding to a plurality of offset amounts of rel- 
ative printing positions between the first print and 
the second print; 

measuring respective optical characteristics of a 
plurality of patterns formed; and 
performing printing registration process of the first 
print and the second print on the basis of the optical 
characteristics of respective of a plurality of the 
measured patterns. 

Another aspect of printing registration method ac- 
cording to the present invention is to performing printing 
of the pattern varying density depending upon the print- 
ing registration condition and to obtain a multi-value lev- 
el density data by the optical sensor. Also, using the data 
thus obtained, concerning the pitch of the more precise 
printing registration condition, higher resolution, or 
greater number ol position condition in comparison with 
a plurality of kinds of the printing registration condition 
of the printing pattern or the printing registration condi- 
tion not used in the printing pattern, the optimal printing 
registration condition is derived by numerical computa- 
tion. By using the result thereof, it becomes possible to 



select the printing registration condition from the pitch 
of the more precise printing registration condition, high- 
er resolution, or greater number of position condition in 
comparison with a plurality of kinds of the printing reg- 

$ istration condition of the printing pattern or the printing 
registration condition not used in the printing pattern. By 
this, printing registration condition can be selected at 
higher precision that the printing registration condition 
used in the printing pattern. 

io Furthermore, in order to establish printing registra- 
tion at high precision, the user is held free from a trouble 
in selecting the printing registration condition from deli- 
cately different printing patterns. 

Also, since printing registration can be established 

is at higher precision with smaller number of the printing 
patterns, the patterns required for printing registration 
can be reduced to shorten a period required for printing 
registration for smaller number of patterns to be 
checked. 

20 a further aspect of printing registration method ac- 
cording to the present invention is to print the patterns 
(patches), in which the density resulting from printing 
becomes the highest as printed at the optimal printing 
position, are printed with varying ejection duty and the 

25 printing registration condition when printing registration 
is to be established for printing of the first print and the 
second print. The densities of the printed patterns are 
read by the optical sensor mounted on the carriage to 
derive relative relationship of the optical reflection index 

so by printing registration. By this, optimal printing registra- 
tion can be established with reducing influence by 
bleeding. Furthermore, by preliminarily printing the uni- 
form pattern with varying the ejection duty to derive the 
ejection duty where the amount of the variation of the 

35 measured optical reflection index maximum to perform 
printing registration at the derived ejection duty. 

With the construction set forth above, by performing 
printing of the printing registration patterns with varying 
the deposition amount to enable printing registration on 

40 the basis of the information obtained from the printed 
pattern. By this, even for printing registration for the 
combination of the high and low density inks which has 
been considered to be difficult in the prior art, for per- 
mitting ejection of relatively large amount of ink having 

45 the relatively low density to enable further optimal print- 
ing registration. 

Furthermore, with the construction set lorth above, 
a plurality of patterns representative of the offset amount 
are formed corresponding to a plurality of offset amount 

so of the printing position to perform printing registration 
process on the basis of a plurality of the densities meas- 
ured with respect to these patterns. Therelore, the con- 
dition of the highest density or the lowest density among 
the densities represented by the patterns can be set as 

55 the best registered condition. 

It should be noted that throughout the disclosure 
and claims the word "print" represents not only forming 
of significant information, such as characters, graphic 
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explaining characteristics depending upon a dis- 
tance between dots of the printing pattern in the 
second embodiment of the present invention. Fig. 
18A shows a case where the printing positions are 
well registered. Fig. 18B shows a case where the 
printing positions are registered with a slight offset. 
Fig. 18C shows a case where the printing positions 
are registered with a greater offset; 
Figs. 19A to 19C are diagrammatic illustrations for 
explaining characteristics depending upon a dis- 
tance between dots of the printing pattern in the 
second embodiment of the present invention. Fig. 
1 9A shows a case where the printing positions are 
well registered. Fig. 19B shows a case where the 
printing positions are registered with a slight offset. 
Fig. 19C shows a case where the printing positions 
are registered with a greater offset; 
Fig. 20 is an illustration for explaining a character- 
istics of a reflecting optical density depending upon 
the distance between dots of the printing pattern in 
the second embodiment of the present invention; 
Figs. 21 A to 21 C are diagrammatic illustrations 
showing printing patterns in the third embodiment 
of the present invention. Fig. 21 A shows a case 
where the printing positions are well registered. Fig. 
21 B shows a case where the printing positions are 
registered with a slight offset. Fig. 21 C shows a 
case where the printing positions are registered 
with a greater offset; 

Fig. 22 shows a relationship between printing ejec- 
tion opening offset amount and reflection optical 
density in the third embodiment of the present in- 
vention; 

Figs. 23A to 23D are diagrammatic illustrations for 
explaining printing patterns determining optical 
ejection duty in the forth embodiment of the present 
invention. Fig. 23A shows a result of print at 25% of 
the area factor. Figs 23B to 23C show results of print 
at 50%, 75% and 100% of the area factor, respec- 
tively; 

Fig. 24 is an illustration showing a relationship be- 
tween the ejection duty and the optical reflection in- 
dex in the forth embodiment of the present inven- 
tion; 

Figs. 25A to 25C are diagrammatic illustrations 
showing a pattern thinned into half from a printing 
registration reference pattern in the forth embodi- 
ment of the present invention. Fig. 25A shows a 
case where the printing positions are well regis- 
tered. Fig. 25B shows a case where the printing po- 
sitions are registered with a slight offset. Fig. 25C 
shows a case where the printing positions are reg- 
istered with a greater offset; 
Figs. 26 A to 26 D are diagrammatic illustrations 
showing a pattern simultaneously performing an 
optimal ejection duty judgment and a printing regis- 
tration in the fourth embodiment of the present in- 
vention. Figs. 26A to 26D show results of print at 



25%, 50%, 75% and 1 00% of ejection duty, respec- 
tively; 

Fig. -27 is a diagrammatic illustrations showing a 
condition where the printing patterns are printed on 
5 a printing medium in the fourth embodiment of the 
present invention; 

Fig. 28 is an illustration showing a relationship be- 
tween a relative offset amount of the printing regis- 
tration pattern and the reflection optical density in 

10 the fourth embodiment of the present invention; 

Figs. 29A to 29C are diagrammatic illustrations 
showing a pattern simultaneously performing an 
optimal ejection duty judgment and a printing regis- 
tration in the seventh embodiment of the present in- 

is vention. Fig. 29 A shows a case where the printing 
positions are well registered. Fig. 29 B shows a case 
where the printing positions are registered with a 
slight offset. Fig. 29C shows a case where the print- 
ing positions are registered with a greater offset; 

20 Figs. 30A and 30B are illustrations showing a drive 
pulse of the printing head in the seventh embodi- 
ment of the present invention. Fig. 30A shows a sin- 
gle pulse and Fig. 30B shows double pulses; 
Fig. 31 is a flowchart showing a procedure of print- 

2s jng registration condition selecting process in the 
eighth embodiment of the present invention; and 
Fig. 32 is an illustration showing a printing pattern 
to be used for printing registration in the tenth em- 
bodiment of the present invention. 

30 

In a printing registration method and a printing ap- 
paratus according to one embodiment of the present in- 
vention, printing in a forward scan and in a reverse scan 
or printing by respective of a plurality of printing heads 

3S (hereinafter referred to first printing" and "second print- 
ing") are to be performed at the same position on a print- 
ing medium. Also, by varying conditions determining rel- 
ative position between the first printing and the second 
printing, printing is performed under a plurality of mutu- 

40 ally distinct conditions. Then, by an optical sensor hav- 
ing a lower resolution lhan a resolution of the print, den- 
sity of respective prints are read to derive a best printing 
registration condition by reading a density of respective 
print and on the basis of a relative relationship between 

4* those density values. Computation to be performed at 
this time is variable depending upon the pattern to be 
printed. 

In one embodiment of the present invention, a print- 
ing head is scanned in a forward and a reverse direc- 

so tions with respect to a printing medium for printing. In a 
printing registration for the forward scan and the reverse 
scan by a serial printer forming an image, the first print- 
ing pattern to be used for printing in the forward scan 
and the second printing pattern to be used for printing 

55 in the reverse scan, for printing registration, are as fol- 
lows. 

Upon performing bidirectional printing under an ide- 
al printing registration condition, a distance in a carriage 
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scanning direction between a printing dot to be formed 
in the forward scan and a printing dot to be formed in 
the reverse scan is preferably in a range of one half to 
one time of a dot diameter, in a printing pattern, an av- 
erage density in a printing portion is reduced according 
to increase of offset or difference in relative positions. 
By using the pattern, whether the printing positions are 
consistent or not can be reflected in the average density 
ol the portion of the print ("printing portion"). Thus, a 
printing registration condition can be determined by 
measuring the density with an optical sensor mounted 
on a carriage and by calculation based thereon. As a 
calculation method, a predetermined calculation is per- 
formed on the basis of a density distribution with respect 
to a plurality of printing registration conditions to deter- 
mine the condition where the best printing registration 
is attained. It should be noted that when high precision 
is not required in printing registration and more simpli- 
fied computation is desired, a printing condition where 
the highest density data is obtained, may be selected 
as the printing registration condition, for example. 

Printing patterns in other embodiments are as fol- 
lows. When printing of the first pattern to be used for 
printing in the forward scan and the second pattern to 
be used for printing in the reverse scan is performed un- 
der the ideal printing registration condition, the printed 
dots respectively printed become the most overlapped 
condition. According to increase ol difference in the 
printing registration condition, printing registration offset 
in overlapping dots is increased to increase the average 
density in the printing portion. By using the pattern, 
whether the printing positions are consistent or not can 
be reflected in the average density of the printing por- 
tion. Thus, a printing registration condition can be de- 
termined by measuring the density with the optical sen- 
sor mounted on a carriage and by calculation based 
thereon. As a calculation method, a predetermined cal- 
culation is performed on the basis of a density distribu- 
tion with respect to a plurality of printing registration con- 
ditions to determine the condition where the best print- 
ing registration is attained. It should be noted that when 
more simplified computation is desired, a printing con- 
dition where the lowest density data is obtained, may be 
selected as the printing registration condition in the em- 
bodiment. 

In the foregoing two embodiments, in order to per- 
form printing registration at high precision in bidirection- 
al printing, it is desirable that the density of the printing 
portion on the printing medium is significantly varied cor- 
responding to difference of printing registration condi- 
tions. For this purpose, it is required that the distance 
between the printing dots in the carriage scanning di- 
rection of the printing patterns in the forward scan and 
the reverse scan is an appropriate distance with respect 
to the diameter of the dots. On the other hand, in case 
of an ink-jet type printing apparatus, for example, the 
dot diameter is varied according to a characteristics of 
the printing medium, a kind of an ink, a volume of an ink 



droplet to be ejected from the printing head. Therefore, 
in advance of pattern printing for printing registration, a 
plurality of predetermined pattern is printed with varying 
distances between dots in the carriage scanning direc- 

• 5 tion, the optical densities of the printed patterns are read 
to detect the dot diameters for adjusting the distance 
between the dots in pattern printing for printing registra- 
tion. By this, an appropriate printing registration can be 
established irrespective of the kind of the printing medi- 

10 urn or the ink, size of the ink droplet and so on. 

In order to perform printing registration in the bidi- 
rectional printing with high precision, it is desirable that 
the output of the optical sensor has sufficient gradation 
levels. For this purpose, it is necessary that the density 

is of the printing portion for the printing registration falls 
within a predetermined range. For example, when print- 
ing is performed by a black ink on a printing medium 
having a high color development characteristics, black 
in the printing portion becomes excessively strong to 

20 make absolute amount of the reflected light too small to 
obtain sufficient output of the optical sensor. In advance 
of pattern printing for printing registration, a plurality of 
predetermined patterns are printed and optical density 
is read. On the basis of the result, the color development 

*5 characteristics at that time is evaluated. Thinning or 
overlapping printing is performed in the printing pattern 
for printing registration on the basis of evaluation for ad- 
justment of density. 

As a further embodiment of the present invention, 

30 the present invention is applicable for a serial printer em- 
ploying a plurality of printing heads, and scanning those 
printing heads with respect to the printing medium for 
forming an image. In this case, concerning printing reg- 
istration in the carriage scanning direction between the 

35 heads, in place of printing in the forward scan and print- 
ing in the reverse scan, as relative printing registration 
of printing by a first head and printing by a second head, 
printing registration in bidirectional printing can be im- 
plemented similarly. 

40 On the other hand, also for printing registration in 
the case where a plurality of printing heads are arranged 
in the direction vertical to the carriage scanning direc- 
tion, in place of printing in the forward scan and printing 
in the reverse scan, printing by the first head and printing 

45 by the second head arranged in the vertical direction are 
performed to perform printing registration similarly to the 
case of foregoing printing registration in bidirectional 
printing. 

Furthermore, even in so-called a full-line type print- 
so ing apparatus, in which the printing heads are fixed on 
the printing apparatus and only feeding of the printing 
medium is performed, printing registration in the similar 
manner can be performed, as a matter of course. 
The present invention is further applicable for the 
55 case where priming is performed with employing the ink 
or the printing medium which easily causes bleeding. A 
uniform pattern is printed on the printing medium in plu- 
rality times with varying deposition amount, the optical 
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reflection indexes are measured by the sensor on the 
carriage to derive an deposition amount region where 
variation amount of the optical reflection indexes is the 
largest. Within thus derived region of the ink ejection 
amount, patterns for printing registration is printed with 
varying its relative printing position. After measuring the 
optical reflection index, by deriving the best reflection 
index, for example, when the reflection index becomes 
larger as the offset of the printing position becomes la- 
ger, by deriving the lowest reflection index, an optimal 
printing registration position can be selected. 

On the other hand, the patterns are printed on the 
printing medium with varying the deposition amounts 
and the printing positions. Among the printed patterns, 
the deposition amount where the variation amount of the 
optical reflection index is the largest, is derived and a 
position where the optical reflection index becomes 
smallest as varying the printing registration, at the de- 
rived deposition amount, may be derived to derive the 
optimal printing registration position. 

Next, concerning printing registration in the case 
where a plurality of colors of inks are employed in the 
first head and the second head, when the inks to be used 
are different kinds, bleeding conditions in the printing by 
the first head and in the printing by the second head can 
be different due to compositions of the inks. For exam- 
ple, when printing is performed with the printing medium 
which easily causes bleeding, such as plain paper, 
bleeding is caused between the dots even when printing 
positions are varied to make it difficult to select at least 
the optimal printing position since the adjacent dots be- 
comes continuous to make variation of density too 
small. 

The uniform pattern is printed on the printing medi- 
um with the ink of the first head used by the printing reg- 
istration pattern for a plurality of times. Then, densities 
of the printed patterns are measured to derive the dep- 
osition amount region where the variation amount of the 
optical reflection index becomes large. Similarly, with 
the ink of the second head to be used in the printing 
registration pattern, the deposition amount region where 
the variation amount of the optical reflection index be- 
comes largest, is derived. The patterns for printing reg- 
istration in the optimal deposition amount region by the 
first and the second heads, are printed by varying the 
printing positions. Printing registration in the case where 
a plurality of colors of inks are used, can be performed 
with employing transparent ink which varies density 
when overlapping printing is performed with colored 
inks. 

The patterns are printed on the printing medium 
with varying the deposition amounts of the first and the 
second heads and the printing positions. Among the 
printed patterns, the deposition amount where the vari- 
ation amount of the optical reflection index becomes 
largest and the position where the optical reflection in- 
dex is the smallest as varying the printing registration 
position, at the derived deposition amount, to derive the 



optimal printing registration position. 

Similarly, concerning printing registration between 
the printing heads in the direction different from the car- 
riage scanning direction, for example, in the vertical di- 
s rection between the printing heads ol a serial printer 
which has a plurality of printing heads and forms an im- 
age by performing scanning of those printing heads with 
respect to the printing medium, in place of printing in the 
forward scan and the reverse scan, printing by the first 
io head and printing by the second head are performed. 
Similarly to the case of printing registration in the bidi- 
rectional printing, the pattern to be used for printing reg- 
istration is the one, in which vertical and horizontal in 
the bidirectional printing are reversed. 
is Upon establishing the optimal printing registration, 
even in automatic printing registration or in the manual 
printing registration by the user, it is important that the 
results of the first print and the second print on the print- 
ing medium exceeds a predetermined density. Namely, 
it is important to vary the ink deposition amount depend- 
ing upon the higher density ink or the bwer density ink. 
By performing this, the predetermined density can be 
obtained to permit optimal printing registration. Then 
density of the printing portion is variable depends on the 
property of the printing medium, the kind of the ink : the 
volume of the ink droplet to be ejected from the printing 
head toward the printing medium and the like. Accord- 
ingly, in order to establish printing registration for print- 
ing by a plurality of heads with high precision, with re- 
spect to variation of the printing registration condition 
between the heads, it is desirable to significantly vary 
the density of the printing portion. 

Therefore, it is preferable that a plurality of heads 
thus established the printing registration, the density of 
respective printing portion are substantially equal levels. 
However, when printing of the printing registration pat- 
tern is performed with the ink having high ink as the high 
density ink and the low density ink, the relative differ- 
ence of the density of the printing portion between the 
heads becomes significant. Namely, even by varying the 
relative printing position between the heads, the printing 
result by the high density ink becomes dominant to 
make it impossible to obtain density variation necessary 
for judgment of printing registration to cause difficulty in 
selecting the optimal printing position. 

Therefore, before printing the printing registration 
pattern in the printing medium, the uniform pattern is 
printed in plurality of times with varying the ink deposi- 
tion amount to measure the density of the printed pattern 
by the sensor on the carriage. Then, the ink ejection con- 
dition where the density variation rate is the best suited 
is derived. The printing registration pattern is printed 
with varying the printing position in the region of the ink 
ejection condition. Then, density is measured, the con- 
dition where the density is highest, is derived to permit 
selection of the optimal printing position. 

The ink loaded, the ink amount to be required for 
performing printing registration by the head in question 
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and so on are preliminarily stored in the printing head. 
Under such condition, the printing registration pattern is 
printed with varying the printing position to derive the 
condition where the density is the highest to enable der- 
ivation ot the optimal printing position. $ 

Concerning printing registration in the case where 
a plurality ot colors, difference of sensitivity of the sensor 
should be caused depending upon the combination of 
the inks, the printing medium and sensitivity of the sen- 
sor to be used for reflection density. 10 

Therefore, in advance of printing of the printing reg- 
istration pattern in the printing medium, uniform pattern 
for respective color image is printed for a plurality of 
times with varying the ejection amount, the deposition 
amount and number of ejection. Then, the densities of is 
the patterns thus printed are measured by the sensor 
mounted on the carriage to select two colors of the best 
suited density variation. By performing printing of the 
printing registration patterns with these two colors to de- 
rive the condition where the density is the highest to es- 20 
tablish optimal printing registration. 

With the combination of all colors uniform pattern 
for respective color image is printed for a plurality of 
times with varying the ejection amount, the deposition 
amount and number of ejection. Then, the densities of 25 
the patterns thus printed are measured by the sensor 
mounted on the carriage to be derived the combination 
where the variation amount of the density is the largest. 
Then, the density is measured and the condition where 
the largest density is obtained is derived to select the 30 
optimal printing position. 

In printing registration of the case where a plurality 
of colors of inks are used, it is not limited to the colored 
inks, but can be a transparent ink which can vary density 
by causing dilution or variation of composition when 35 
overlaid with the colored ink, for example. 

As other embodiment of the present invention, in a 
serial printer having a plurality of printing heads and 
forms the image by scanning the printing head with re- 
spect to the printing medium, the present invention is 40 
applicable even for the case where printing registration 
is performed without using the optical sensor and by vis- 
ually by each user. When printing registration is per- 
formed in the direction the carriage scanning direction 
between the heads, in place of the foregoing printing 4S 
pattern, rules lines indicative of variation of the relative 
positional relationship of the first print and the second 
print is printed. Upon performing printing of the ruled 
line, depending upon density of the inks of respective 
heads to be registered, ink ejecting conditions are var- so 
ied. By varying of the ink deposition amount, optimal 
printing registration condition can be selected. 

Concerning the printing registration in the direction 
perpendicular to the carriage scanning direction, the 
present invention can be implemented by using the & 
printing pattern used in the foregoing two embodiments 
where the longitudinal and lateral are reversed. Similarly 
to the foregoing embodiment, in the serial printer which 



forms image by scanning a plurality of printing heads on 
the printing medium, printing registration can be per- 
formed by performing printing by the first head and the 
second head, printing registration in the bidirectional 
printing can be similarly performed with respect to any 
of the foregoing embodiment by employing the first print 
and the second print. 

Particular embodiments of the present invention will 
be explained hereinafter with reference to the drawings, 
ft should be noted that like reference numerals repre- 
sent like elements. 

[First Embodiment] 

The first embodiment of the present invention is 
adapted for mutual printing registration of the printing 
position in the forward scan and the printing position in 
the reverse scan, in a printing system forming an image 
by performing complementary printing in the forward 
scan and the reverse scan by means of one printing 
head. It should be noted that, in this example, a case 
where one kind of printing medium is used, will be ex- 
plained. 

(Construction of Printing Apparatus 1 ) 

Fig. 1 is a diagrammatic perspective view showing 
a construction of a major part of one embodiment of an 
ink-jet printing apparatus, to which the present invention 
is applied. 

In Fig. 1 , a plurality of (four) head cartridges 1 A, 1 B, 
1 C and 1 D are exchangeabiy mounted on a carriage 2. 
Each of the head cartridges 1 A to 1 D has a printing head 
portion and an ink tank portion, and also has a connector 
for exchanging a signal for driving the printing head por- 
tion. It should be noted that, in the following explanation, 
both of overall or arbitrary one of head cartridges 1 A to 
1D as generally referred to are simply identified as a 
printing head 1 or head cartridge 1 . 

A plurality of head cartridges 1 are adapted to per- 
form printing with respectively different colors of inks. In 
the ink tank pod ions thereof, different inks, such as 
black, cyan, magenta and yellow color inks, are stored. 
Each head cartridge 1 is exchangeabiy mounted on the 
carriage 2 in a positioned condition. To the carriage 2, 
a connector holder (electrical connecting portion) is pro- 
vided for transmitting a drive signal or the like to each 
head cartridge 1 via the connector. 

The carriage 2 is guided and supported by a guide 
shaft 3 extending in a primary scanning direction within 
an apparatus body for bidirectionally movement along 
the guide shaft 3. The carriage 2 is driven by means of 
a primary scanning motor 4 via a driving mechanism, 
such as a motor pulley 5, a driven pulley, a timing belt 
7 and so forth, and is thereby controlled the position and 
motion. A printing medium 8, such as a printing paper, 
a plastic thin film or the like is fed (paper feeding) across 
a position opposing to ejection opening surface of the 
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head cartridge 1 (printing portion), by rotation of two sets 
ot transporting rollers 9 , 1 0 and 1 1 , 1 2. It should be noted 
that the printing medium 8 is supported the back surface 
thereof by a platen (not shown) so as to form a flat print- 
ing surface in the printing portion. In this case, each 
head cartridge 1 mounted on the carriage 2 is held with 
projecting the ejection opening surface downwardly 
from the carriage 2 in parallel relationship with the print- 
ing medium 8 at a position between two sets of the trans- 
porting roller pairs. Also, a reflection type optical sensor 
30 is provided on the carriage. 

The head cartridge 1 is an ink-jet head cartridge 
ejecting an ink utilizing a thermal energy, in which an 
electrothermal transducer is provided for generating a 
thermal energy. Namely, the head cartridge of the head 
cartridge 1 performs printing by ejecting the ink through 
the ejection openings using a pressure of a bubble gen- 
erated by film boiling caused by the terminal energy ap- 
plied by the electrothermal transducer. 

(Construction of Printing Apparatus 2) 

Fig. 2 is a diagrammatic perspective view showing 
a construction of a major part of one embodiment of an 
ink-jet printing apparatus, to which the present invention 
is applied. In Fig. 2, the portions of the same reference 
numerals as shown in Fig. 1 have the same functions, 
so descriptions for them are abbreviated. 

In Fig. 2, a plurality of (six) head cartridges 41 A, 
41 B, 41 C, 41 D, 41 E and 41 F are exchangeably mount- 
ed on a carriage 2. Each of the head cartridges 41 A to 
41 F has a head cartridge portion and an ink tank portion, 
and also has a connector for exchanging a signal for 
driving the head cartridge portion. It should be noted 
that, in the following explanation, both of overall or ar- 
bitrary one of head cartridges 41 A to 41 F as generally 
referred to are simply identified as a head cartridge 41 
or head cartridge 41 . A plurality of head cartridges 41 
are adapted to perform printing with respectively differ- 
ent colors of inks. In the ink tank portions thereol, differ- 
ent inks, such as black, cyan, magenta, yellow, low den- 
sity cyan and low density magenda are stored. Each 
head cartridge 41 is exchangeably mounted on the car- 
riage 2 in a positioned condition. To the carriage 2, a 
connector holder (electrical connecting portion) is pro- 
vided for transmitting a drive signal or the like to each 
head cartridge 41 via the connector. 

Fig. 3 is a diagrammatic perspective view partially 
showing the construction of the major part of the head 
cartridge portion 1 3 of the head cartridge 1 . 

In Fig. 3, in the ejection opening surface 21 which 
opposes with the printing medium with maintaining a 
predetermined gap (e.g. about 0.5 to 2.0 mm), a plurality 
of ejection openings 22 are formed in a predetermined 
pitch. Each ejection opening 22 is connected to a com- 
mon liquid chamber 23 through a liquid passage 24. The 
electrothermal transducer (heating resistor or the like) 
25 for generating the energy to be used for ejection of 



the ink : is arranged along a wall surface of the liquid 
passage 24. In the shown embodiment, the head car- 
tridge is mounted on the carriage 2 in a positional rela- 
tionship, in which the ejection openings 22 are aligned 
s in a direction intersecting with the scanning direction ot 
the carriage 2. 

Thus, the corresponding electrothermal transducer 25 
(hereinafter 'ejection heater") is driven (supplied an 
electric power) on the basis of an image signal or an 

io ejection signal to cause film boiling in the ink within the 
liquid passage for ejecting the ink through the ejection 
opening 22 by the pressure generated by film boiling. 

Fig. 4 is a diagrammatic illustration for explaining a 
reflection type optical sensor 30 shown in Fig. 1 or Fig. 2. 

is As shown in Fig. 4, the reflection type optical sensor 
30 is mounted on the carriage 2, as set forth above. The 
optical sensor 30 includes a light emitting portion 31 and 
a photosensing portion 32. A light iin 35 emitted from 
the light emitting portion 31 is reflected by the printing 

20 medium 8, andthe reflected light Iref 37 can be detected 
by the photosensing portion 32. Then, a detection signal 
is transmitted to a control circuit formed on a circuit 
board of the printing apparatus via a flexible cable(not 
shown). The detection signal is then converted into a 

2S digital signal by an A/D converter. A position where the 
optical sensor 30 is mounted on the carriage 2 is a po- 
sition where the ejection opening portion of the print 
head 1 or 41 upon printing scan does not pass in order 
to prevent deposition of splashed droplet of the ink or 

30 the like. It should be noted since a sensor having rela- 
tively low resolution can be used as the optical sensor, 
a cost therefor becomes low. 

Fig. 5 is a block diagram showing a general con- 
struction of control circuit on the above ink-jet printing 

3S apparatus. 

in Fig. 5, controller 100 is amain controlling unit and 
comprises a CPU 101 of, for example, the form of micro- 
computer, a ROM 103 in which programs, tables and 
other fixed data are stored and a RAM 1 05 in which im- 

40 age data expanding area or working area are made. 
Host device 110 is a source of image data (it may be a 
computer making and processing image data for print- 
ing, otherwise it may be the form of reader or the like for 
image data reading), image data, other commands and 

45 status signals or the like send to and receive from con- 
troller 100 via interface (l/F) 112. 

Operating portion 120 is a switch group accepting 
command inputs from operator and comprises power 
switch 122, switch 124 instructing the start of printing, 

so recovery switch 126 instructing the invocation of suck, 
registration adjustment trigger switch 127 for manual 
registration adjustment, registration adjustment value 
setting input 129 for manual inputting of the registration 
value and the like. 

55 Sensor group 1 30 are sensors for detecting the sta- 
tus of the device and comprise the above reflective op- 
tical sensor 30 ; photo coupler 132 for detecting home 
position, temperature sensor 134 setting in the appro- 
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priate position for detecting temperature of circum- 
stance and the like. 

Head driver 140 is a driver which drives ejecting 
heater 25 ol print head 1 or 41 according to printing data 
or the like. Head driver 140 comprises shift register 
aligning the print data according to the position of eject- 
ing heater 25, latch circuit for latching at appropriate tim- 
ing, components of logic circuit which synchronize with 
driving timing signal to activate the ejecting heater, tim- 
ing setting portion setting appropriately driving timing 
(ejection timing) for dots forming position registration 
and the like. 

In print head 1 or 41 , sub heater 1 42 is setting. Sub 
heater 142 performs temperature adjustment for sta- 
bling ejection characteristics of ink. It may be the form 
of forming on the print head substrate with ejection heat- 
er 25 simultaneously and/or the form of setting on print 
head body or head cartridge. 

Motor driver 150 is a driver for driving main scan- 
ning motor 152. Sub scanning motor 162 is a motor for 
moving (sub scanning) print medium 8 and motor driver 
160 is a driver for the motor. 

(Print Pattern for Print Registration) 

in the following explanation, a ratio of a region print- 
ed by the printing apparatus versus a predetermined re- 
gion on the printing medium will be referred to as "area 
factor". For example, when the dots are formed in overall 
area within the predetermined region on the printing me- 
dium, the area factor becomes 1 00%. Conversely, when 
no dot is formed within the predetermined region, the 
area factor becomes 0%. Also, when the area where the 
dots are formed, is a half of the predetermined region, 
the area factor becomes 50%. 

figs. 6Ato6C are diagrammatic illustrations show- 
ing printing patterns for printing registration to be used 
in the embodiment. 

In Figs. 6A to 6C, white dots 700 represent dots 
formed on the printing medium during the forward scan 
(first printing) and hatched dots 710 represent dots 
formed on the printing medium during the reverse scan 
(second printing). It should be appreciated that while 
colors of the dots are differentiated in Figs. 6A to 6c for 
the purpose of illustration, these dots are the dots 
formed by the same ink from the same head cartridge. 
Fig. 6A shows a case where printing is performed in a 
condition printing positions in the forward scan and the 
reverse scan are well registered. Fig. 6B shows a case 
where the printing positions are registered with a slight 
offset. Fig. 6C shows a case where the printing positions 
are registered with a greater offset It should be noted 
that, as can be appreciated from these figures, in the 
shown embodiment, complementary dots are formed in 
the bidirectional scan. Namely, the dots in the odd 
number columns are formed in the forward scan, and 
the dots in the even number columns are formed in the 
reverse scan. Accordingly, the case where respective 



dots formed in the forward scan and the reverse scan 
are distanced for about one dot as shown in Fig. 6A, is 
the well registered condition. 

The printing pattern is designed to lower a density 
s of the overall printing portion according to increasing of 
offset of the printing position. Namely, within a range of 
patch as the printing pattern of Fig. 6A, the area factor 
is about 100%. According to increase of offset of the 
printing positions as shown in Figs. 6B and 6C, overlap- 
10 ping amount of the dot (white dot) of the forward scan 
and the dot (hatched dot) of the reverse scan becomes 
greater to widen the region not printed to lower area fac- 
tor to reduce average density. 

In the embodiment, by offsetting the timing of print- 
is ing, printing positions are offset. It is possible to offset 
on printing data. 

In Figs. 6A to 6C, the printing pattern are illustrated 
with taking one dot in the scanning direction as unit, 
number of dots to form a column to be printed may be 
20 set depending upon precision of printing registration or 
precision of printing registration detection or the like, in 
practice. 

Figs. 7A to 7C show the case where four dots are 
taken as unit. Fig. 7 A shows a case where printing is 

2S performed in a condition printing positions in the forward 
scan and the reverse scan are well registered. Fig. 7B 
shows a case where the printing positions are registered 
with a slight offset. Fig. 7C shows a case where the print- 
ing positions are registered with a greater offset. 

30 What is intended by this pattern is that the area fac- 
tor is reduced with respect to increasing of mutual offset 
of the printing positions in the forward scan and the re- 
verse scan. This is because the density of the printing 
portion is significantly depend on variation of the area 

3S factor. Namely, while density becomes higher at the 
overlapping portion of the dots, increasing of the not 
printed region has greater influence for the average den- 
sity of the overall printing portion. 

Fig. 8 is an illustration showing a relationship of var- 

40 iation of the offset amount of the printing position and a 
reflection optical density in the printing patterns shown 
in Figs. 6A to 6C, Figs. 7 A to 7C of the shown embodi- 
ment. Relative offset of the printing positions in any di- 
rection results in reduction of the reflection optical den- 

45 sity. 

In Fig. 8, an ordinate is a reflection optical density 
(OD value) and an abscissa is a printing position offset 
amount (urn). Using incident light lin 35 and reflection 
light Iref 37, reflection index R = Iref / lin and transmis- 

so sion index T = 1 - R. 

Let d is a reflection optical density, then R = 10* d . 
When the amount of printing position offset is zero, area 
factor becomes 100% and reflection index R becomes 
minimum. Namely, reflection optical density d becomes 

55 maximum. Reflection optical density d decreases when 
printing position offsets relatively to either of the direc- 
tion of + - . 
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(Printing Registration Process) 

Fig. 9 shows a general flowchart of printing regis- 
tration process. 

In Fig. 9, first ol all, printing patterns are printed 
(step S1 ). Next, the optical characteristics of the printing 
patterns are measured by optical sensor 30 (step S2). 
Based on optical characteristics obtained from the 
measured data, appropriate printing registration condi- 
tion is found (step S3). As shown in Fig. 11 (below), the 
point of the highest reflection optical density is found, 
two straight lines respectively extending through both 
sides of data of the point of the highest reflection optical 
density are found by the method of least squares, the 
intersection point P of these lines is found. Like the 
above approximation using straight lines, approximation 
using curved line as shown in Fig. 12 (below) may be 
used. By the printing position parameter corresponding 
to the point P, variation of drive timing is set (step S4). 

Fig. 10 is an illustration showing a condition where 
the printing pattern shown in Figs. 7A to 7C are printed 
on the printing medium 8. In the shown embodiment, 
nine patterns 61 to 69 respectively having different po- 
sition offset amount between the dots printed in the for- 
ward scan and the reverse scan are printed. Each print- 
ed patterns is called patch, for example, patch 61 , patch 
62 or the like, printing position parameters correspond- 
ing to the patch 61 to 69 are represented as (a) to (i). 
Nine patterns may be established by fixing the printing 
start timing in the forward scan and setting the printing 
start timing in the reverse scan at a currently set timing, 
four mutually different earlier timing than the currently 
set timing and four mutually different later timing than 
the currently set timing. It should be appreciated that 
setting of the printing start timings and printing of the 
nine patterns on the basis of set printing start timings 
may be executed by a program triggered by a predeter- 
mined command input. 

Then, the printing medium and the carriage 2 are 
moved so that the optical sensor 30 mounted on the car- 
riage may be placed in opposition with the patch as the 
printed patterns thus printed. In a condition where the 
carriage is stably stopped, the reflection optical density 
is measured. By performing measurement under the 
condition where the carriage 2 is stably stopped, influ- 
ence of noise due to driving of the carriage can be avoid- 
ed. Also, by making a measurement spot of the optical 
sensor 30 wider relative to the dot by providing greater 
distance between the sensor 30 and the printing medi- 
um 8, for example, local optical characteristics (fro ex- 
ample, reflection optical density) fluctuation on the print- 
ed pattern can be successfully averaged to achieve high 
precision in measurement of the density of the patch 60 
or the like. 

With taking a construction where the measurement 
spot of the optical sensor 30 is relatively wide, it is de- 
sired that a sensor having lower resolution than a print- 
ing resolution of the pattern, namely a sensor having 



greater measurement spot diameter than a dot diameter 
is used. Furthermore, in viewpoint of obtaining an aver- 
age density, it is also possible to scan the patch by 
means of a sensor having relatively high resolution and 

s to take an average of thus measured density as the 
measured density. 

It should be appreciated that, in order to avoid in- 
fluence of fluctuation in measurement, it may be possi- 
ble to measure the reflection optical density of the same 

io patch for a plurality of times and to take an average val- 
ue of the measured densities as the measured density. 

In order to avoid influence of fluctuation in meas- 
urement, it may be possible to measure a plurality of 
points on patch to average or perform other operations 

is on them. It is possible to move carriage 2 and measure 
for saving time. In this case, in order to avoid fluctuation 
in measurement by electric noise generated on motor 
driven, it is strongly desired to increase the times of sam- 
plings and average or perform other operations on them. 

^° Fig. 11 is an illustration diagrammatically showing 
an example of data of the measured reflection optical 
density. 

In Fig. 11, the horizontal axis represents a param- 
eter for varying the relative printing positions in the for- 
2S ward scan and the reverse scan. As the parameter the 
printing start timing of the reverse scan in relation to the 
fixed printing start timing of the forward scan, to be ad- 
vanced and retarded relative to the latter, may be taken. 
When a result of measurement shown in Fig. 11 is 
30 obtained, in the shown embodiment, an intersection 
point P of two straight lines respectively extending 
through two points (the points each corresponding to 
printing position parameters (b), (c) and (e), (f) of Fig. 11 ) 
on both sides of the point where the reflection optical 
density is the highest (the point corresponding to print- 
ing position parameter (d) in Fig. 11), is taken as the 
printing position where the best printing registration is 
attained. Then, the printing position parameter corre- 
sponding to this point P, namely the printing start timing 
of the reverse scan corresponding to this point, is set. 
But, when strict print registration is not desired or is not 
needed, printing position parameter (d) may be used. 

As can be appreciated from Fig. 11 , by this method, 
the printing registration condition can be selected at 
smaller pitch than a pitch of the printing registration con- 
dition used in the printing pattern 61 etc. or higher res- 
olution. 

In Fig. 11, between the points where density is high, 
the density is not varied significantly relative to a differ- 
ence of the printing condition. Between the points cor- 
responding to printing position parameters (a), (b), (c) 
and between the points corresponding to printing posi- 
tion parameters (f), (g), (h), (i), the density is varied sen- 
sitively relative to variation of the printing registration 
condition. When a characteristics of the density close to 
symmetry as in the shown embodiment is shown, print- 
ing registration is to be established at higher precision 
by deriving the printing registration condition using print- 
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ing with the data point, where the density is varied sen- 
sitively relative to variation of the printing registration 
condition. 

A method of derivation of the printing registration 
condition is not specified to the foregoing method. It is 
only intended that an numerical computation is per- 
formed with continuous values on the basis of a plurality 
of multi-value density data, information of the printing 
registration condition using the pattern printing for de- 
riving the printing registration condition at a precision 
higher than a discrete value of the printing registration 
condition of the pattern printing. 

For example, as example other than linear approx- 
imation shown in Fig. 11 , with respect to a plurality print- 
ing registration condition using print of the patterns, a 
polynomial approximate expression is obtained on the 
basis of these density data employing a least square 
method and the condition for attaining the best printing 
registration may be derived by using the obtained ex- 
pression. It is possible to use not only polynomial ap- 
proximation, but also spline interpolation. 

Even when the final printing condition is selected 
from a plurality of printing registration condition using 
the pattern printing, printing registration can be estab- 
lished with high precision with respect to fluctuation of 
various data by deriving the printing registration condi- 
tion through numerical computation using a plurality of 
multi-value data. For example, if a method to select the 
point of the highest density from the data of Fig. 11 , it is 
possible that the density at the point corresponding to 
printing position parameter (d) is higher than the density 
of the point corresponding to printing position parameter 
(e) due to fluctuation. Therefore, with taking the method 
obtaining an approximate line from each three points of 
both sides of the highest density point to derive inter- 
section point, influence of fluctuation can be reduced by 
performing calculation using data of more than two 
points. 

Next, another examples of deriving printing regis- 
tration condition shown in Fig. 11 is explained. 

Fig. 12 shows an example of measured optical re- 
flection index. 

In Fig. 12, the vertical axis represents optical refec- 
tion index and the horizontal axis represents printing po- 
sition parameters (a) to (i) for varying the relative print- 
ing positions in the forward scan and the reverse scan. 
For example, they correspond to be taster or slower 
printing timing of reverse scan to vary printing position. 
In the example, representative point on patch is deter- 
mined from measured data ,and Irom the representative 
point, overall approximate curve is obtained and mini- 
mum point of the curve is determined as matched point 
of printing position. 

Concerning a plurality of printing registration condi- 
tion as shown in Fig. 10, respectively square or rectan- 
gular patterns (patch) are printed in the shown embod- 
iment, the present invention is not limited to the shown 
construction. Concerning respective printing registra- 



tion condition, it is only required an area for performing 
density measurement. For example, it is possible to use 
a pattern, in which all of a plurality of printing patterns 
in Fig. 10 (patch 61 etc.) are connected. With taking 
s such pattern, an area of the printing pattern can be made 
smaller. 

However, such pattern is printed on the printing me- 
dium 8 by the ink-jet printing apparatus, upon using a 
certain kind of printing medium B, when the ink is ejected 

io to an area greater than a predetermined area, the print- 
ing medium 8 is expanded to possibly cause lowering 
of the precision of deposition of the ink droplet ejected 
from the head cartridge. For the printing pattern using 
the shown embodiment, such phenomenon can be 

is avoided as much as possible. 

It should be noted that, in the shown embodiment 
of the printing patterns shown in Figs. 6A to 6C , a con- 
dition where the reflection optical density varies relative 
to offset of the printing position most sensitively is the 

20 condition where the printing positions in the forward 
scan and the reverse scan are consistent (the condition 
shown in Fig, 6A), where the area factor becomes sub- 
stantially 100%. Namely, it is desirable that the region 
where the pattern is printed, is covered substantially 

25 completely. 

However, as the pattern where the reflection optical 
density becomes smaller at greater offset of the printing 
positions, the foregoing condition is not essential. But, 
it is desired that a distance between the dots respective- 

30 |y printed in the forward scan and the reverse scan 
where the printing positions in the forward scan and the 
reverse scan are consistent, may be a range Irom a dis- 
tance where dots are contacted to a distance where the 
dots overlap over the dot radius. Therefore, according 

35 to the offset from the best condition of printing registra- 
tion, reflecting optical density varies sensitively. It 
should be noted that the distance relationship between 
the dots is realized in the case of the dot pitch and the 
size of the dots to be formed as set out below or when 

40 the distance relationship is artificially established upon 
pattern printing when the dots to be formed are relatively 
fine. 

The printing patterns in the forward scan and the 
reverse scan are not necessarily aligned in the vertical 

45 direction. 

Figs. 1 3A to 1 3C show patterns in which the dots to 
be printed in the forward scan and the dots to be printed 
in the reverse scan are mutually penetrate. It is possible 
to apply the present invention for those patterns. Fig. 

so 1 3A shows a case where printing is performed in a con- 
dition printing positions in the forward scan and the re- 
verse scan are well registered. Fig. 1 3B shows a case 
where the printing positions are registered with a slight 
offset. Fig. 13C shows a case where the printing posi- 

55 tions are registered with a greater offset. 

Figs. 1 4A to 14C show patterns where the dots are 
aligned obliquely. It is possible to apply the present in- 
vention for those patterns. Fig. 1 4A shows a case where 
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printing is performed in a condition printing positions in 
the forward scan and the reverse scan are well regis- 
tered. Fig. 14B shows a case where the printing posi- 
tions are registered with a slight offset. Fig. 14C shows 
a case where the printing positions are registered with 
a greater offset. 

Figs. ISA to 15C show patterns in which each col- 
umns of dots in forward and reverse scan with respect 
to printing position offsetting is a plurality of columns of 
dots. 

When printing registration is performed by varying 
the printing registration condition in greater range, such 
as the printing start timing and the like, a pattern having 
a plurality of columns of dot arrays in respective of the 
forward scan and the reverse scan to be an object for 
providing offset of the printing positions as shown in 
Figs. 15A to 15C, is effective. In the printing patterns 
shown in Figs. 6A to 6C, since the set of the dot arrays 
to be object for providing offset is only one dot array for 
each of the forward scan and the reverse scan, the dot 
array may overiap with the dot array of another set ac- 
cording to increasing of offset amount of the printing po- 
sition. The reflection optical density does not becomes 
further smaller even when the offset amount of the print- 
ing position becomes greater In contrast to this, in case 
of the pattern shown in Figs. ISA to 15C, a magnitude 
of the offset of the printing position to cause the dot array 
to overlap with the dot array in another set, can be set 
greater in comparison with the printing pattern of Figs. 
6A to 6C. By this, the printing registration condition can 
be varied in greater range. 

Figs. 16A to 16C show printing patterns using pre- 
determined thinned dots on each columns of dots. 

It is also possible to apply the present invention to 
these patterns. In case of a pattern having greater den- 
sity of the dot per se formed on the printing medium 6, 
this manner is effective when the density of the overall 
pattern when the pattern shown in Figs. 6 A to 6C is to 
be printed, becomes excessively high to make it impos- 
sible to measure a difference of output depending upon 
the offset of the dots by the optical sensor 30. Namely, 
by reducing the dots as shown in Figs. 16A to 16C, the 
region on the printing medium 8 where is not printed is 
increased to lower density of the overall patch. 

Conversely, when the printing density is too taw, the 
dots are formed by performing printing on the same po- 
sition, twice, or, in the alternative, by performing printing 
by twice printing only for a part. 

The characteristics of the printing pattern to reduce 
the reflection optical density according to increasing off- 
set amount of the printing position, requires a condition 
where the dot printed in the forward scan and the dot 
printed in the reverse scan are in contact in the carriage 
scanning direction. However, it is not necessary to sat- 
isfy such condition. In such case, the reflection density 
may be lowered according to increasing of offset 
amount of the printing positions in the forward scan and 
the reverse scan. 



[Second Embodiment] 

The second embodiment of the present invention 
concerns to the printing position in the carriage scanning 
s direction between the different heads. On the other 
hand, when a plurality of kinds of printing mediums, inks, 
head cartridges and so on are employed, there is shown 
an example performing corresponding printing registra- 
tion. Namely, the size and the density of the dots to be 

io formed can be differentiated depending upon the kind 
of the printing medium or the like. Therefore, in advance 
of judgment of the printing registration condition, judg- 
ment is made that whether a measured value of the re- 
flection optical density is a appropriate value necessary 

is for judgment of the printing registration condition. As a 
result, if judgment is made that the measured reflection 
optical density vaiue is not appropriate for judgment of 
the printing registration condition, the level of the reflec- 
tion optical density is adjusted by thinning the printing 

20 pattern or overlappingly printing the dots. 

In advance of judgment of the printing registration 
condition, judgment is made whether the measured re- 
flection optical density is sufficiently lowered depending 
upon increasing of the offset amount of the printing po- 

& sition. As a result, if judgment is made that the reflection 
optical density is inappropriate for performing judgment 
of the printing registration condition, the dot interval in 
the varying direction of the offset, in this case, in the 
carriage scanning direction set in advance in the printing 

30 pattern is modified to again perform measurement of the 
printing of the printing pattern and measurement of the 
reflection optical density. 

(Printing Registration Process) 

3S 

In the shown embodiment, concerning the printing 
pattern explained in the loregoing first embodiment, 
among two head cartridges for which printing registra- 
tion in the dots printed in the forward scan, the printing 
40 is performed by the first head cartridge and printing is 
performed by the second head cartridge to perform 
printing registration. 

Fig. 17 shows a flowchart showing a process pro- 
cedure of the shown, embodiment of printing registra- 
rs tion. 

As shown in Fig. 17, at step S121, nine patterns 
61-69 shown in Fig. 10 are printed as the printing pat- 
terns. In conjunction therewith, the reflection optical 
density of the printing pattern is measured in the similar 
so manner as the first embodiment. 

Next, at step S122, among the measured values of 
the reflection optical densities, judgment is made wheth- 
er one having the highest reflection optical density falls 
within a range of 0.7 to 1 .0 of an OD value. If the value 
ss falls within the predetermined range, the process is ad- 
vanced to a next step S123. 

When judgment is made that the reflection optical 
density does not fall within the range of 0.7 to 1.0, the 
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process is advanced to step S125. At step S125, the 
printing pattern is modified to patterns showing in Figs. 
1 6A to 1 6C thinned to be two third of the printing pattern 
when the value is greater than 1 .0, and then process is 
returned to step S121 . On the other hand, if the reflec- 
tion optical density is smaller than 0.7, the printing pat- 
tern shown in Figs. 16A to 16C is printed overlappingly 
over the printing pattern shown in Figs. 6A to 6C. 

It is also possible to prepare a large number ol print- 
ing patterns for further modifying the printing pattern 
when inappropriateness is judged even in the second 
judgment. However, in the shown embodiment, under a 
premise that almost all cases may be covered with three 
kinds of patterns, the process is advanced to the next 
step even when inappropriateness is judged in the sec- 
ond judgment. Even if the printing medium 8, the head 
cartridge or the density of the pattern to be printed is 
varied by the judgment process of step SI 22, printing 
registration adapting to such change becomes possible. 

Next, at step S123, check is performed whether the 
measured reflection optical density is sufficiently low- 
ered in relation to the offset amount of the printing po- 
sition, namely, whether a dynamic range of the value of 
the reflection optical density is sufficient or not. For ex- 
ample, in the case where the value of the reflection op- 
tical density shown in Fig. 11 is obtained, check is per- 
formed whether a difference between the value of the 
maximum density (corresponding point of printing posi- 
tion parameter (d) in Fig. 11) and two next values(the 
difference between corresponding points of printing po- 
sition parameters (d) and (b), the difference between 
corresponding points of printing position parameters (d) 
and (f) in Fig. 11) is greater than or equal to 0.02 or not. 
If the difference is smaller than 0.2, judgment is made 
that the interval of the printing dots of the overall printing 
pattern is too short. Then, the distance between the 
printing dots is expanded at step S1 26, and the process 
from the step S1 21 and subsequent steps is performed. 

The process at steps S123 and SI 24 will be ex- 
plained in greater detail with reference to Figs, 18A to 
18c, Figs. 19A to 19C and Fig. 20. 

Figs. 18A to 1BC is a diagrammatic illustration 
showing a condition of the printing portion in the case 
where the printing dot diameter of the printing pattern 
shown in Figs. 6Ato 6C is large. 

In Figs. 1 8A to 1 8C, white dots 72 represent the dots 
printed by the first head cartridge, and the hatched dots 
74 represent the dots printed by the second head car- 
tridge. Fig. 18A shows the case where the printing po- 
sitions of the white dots and the hatched dots are con- 
sistent. Fig. 18B shows the case where the printing po- 
sitions of the white dots and the hatched dots are slightly 
offset. Fig. 18C shows the case where the printing po- 
sitions of the white dots and the hatched dots are offset 
in greater amount than that of Fig. 18B. As can be ap- 
preciated from comparison of Figs. 18Aand 1BB, when 
the dot diameter is large, the area factor is maintained 
at substantially 100% even If the printing positions of the 



white dots and the hatched dots are slightly offset, and 
thus the variation of the reflection optical density is little. 
Namely, the condition where the reflection optical den- 
sity is sensitively decreased with respect to variation of 
s the offset amount of the printing position, is not satisfied. 
On the other hand, Figs. 1 9A to 1 9C show the case 
where the interval between the dots in the carriage scan- 
ning direction in the overall pattern is expanded with 
maintaining the dot diameter. Fig. 1 9A shows the case 

10 where the printing positions of the white dots and the 
hatched dots are consistent. Fig. 1 9B shows the case 
where the printing positions of the white dots and the 
hatched dots are slightly offset. Fig. 1 9C shows the case 
where the printing positions of the white dots and the 

is hatched dots are offset in greater amount than that of 
Fig. 1 9B. In this case, the area factor is reduced accord- 
ing to occurrence of the offset between the printed dots 
to lower reflection optical density. 

Fig. 20 is a diagrammatic illustration showing a be- 

20 havior of the density characteristics in the case where 
the printing patterns shown in Figs. 18Ato 18C and 19A 
to 1 9C are used. 

In Fig. 20, the solid line shows variation of the value 
of the reflection optical density in the case where the 

2s printing is performed under a condition where the reflec- 
tion optical density is sensitively lowered in response to 
variation of offset amount of the printing positions as set 
forth in connection with the first embodiment, and the 
broken line shows variation of the value of the reflection 

30 optical density where the reflection optical density when 
the dot interval is smaller than the former case. As can 
be clear from Fig. 20, when the dot interval is too small, 
the reflection optical density causes merely a little vari- 
ation in response to slight offset from the ideal condition 

35 of the printing registration condition for the reason set 
forth above. Therefore, in the shown embodiment, the 
judgment shown in step S1 23 of Fig. 17 is performed to 
expand the distance between the dots depend on the 
judgment to establish the printing condition suitable for 

40 performing judgment of the printing registration condi- 
tion. 

In the shown embodiment, the dot interval is to be 
short, initially. Then, the dot interval is expanded until a 
proper dynamic range of the reflection optical density 

46 being attained. However, even if proper dynamic range 
of the reflection optical density is not obtained even after 
expansion of the dot interval for four times, the process 
is advanced to the next process for making judgment ol 
the printing registration condition. It should be noted 

so that, in the shown embodiment, the dot interval is ad- 
justed by varying driving frequency of the head cartridge 
with maintaining the carriage 2 scanning speed. By this, 
the distance between the dots becomes longer at small- 
er driving frequency of the head cartridge. On the other 

ss hand, as another method for adjusting the distance be- 
tween the dots, the carriage 2 scanning speed may be 
varied. 

In the either case, the driving frequency or scanning 
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speed for printing the printing pattern become different 
from the driving frequency or the scanning speed to be 
used in actual printing operation. Accordingly, after 
checking of the printing registration for printing, differ- 
ence of the driving Irequency or the scanning speed has s 
to be corrected. This correction may be performed ar- 
ithmetically. In the alternative, it is possible to prelimi- 
narily prepared data of printing timing relating to the ac- 
tual driving frequency or the scanning speed for respec- 
tive of nine patterns 61 as shown in Fig. 10, to use the io 
preliminarily derived data according to the result of 
checking of the printing registration condition. In the al- 
ternative, in the case shown in Fig. 11 , the printing timing 
to be used for printing can be derived by linear interpo- 
lation, is 

A method of judgment of the printing registration 
condition is similar to that of the first embodiment. On 
the other hand, in printing registration in the forward 
scan and the reverse scan in bidirectional printing in the 
first embodiment, varying of distance between dots of 20 
the printing pattern with respect to the size of the dot 
diameter performed in the shown embodiment is equally 
effective similarly to the shown embodiment. It should 
be noted that, in this case, the printing patterns for the 
forward scan and the reverse scan are prepared for re- 25 
spective printing patterns of several number of the dis- 
tance between the dots to be used. Then, data of the 
printing timings are preliminarily derived per the printing 
pattern and the dot interval for deriving the printing tim- 
ing to be used for printing by performing linear interpo- 30 
lation according to the result of the judgment of the print- 
ing position. 

It should be noted that a flowchart shown in Fig. 17 
is applicable for the following embodiments with appro- 
priate modification and so on. 3S 

[THIRD EMBODIMENT] 

The third embodiment of the present invention con- 
cerns printing registration in a direction perpendicular to 40 
the carriage scanning direction, between a plurality of 
heads. It should be noted that explanation will be given 
for the printing apparatus using only one kind of the 
printing medium, the head cartridge and the ink. 

46 

(Method for Correcting Printing Position) 

In the shown embodiment of the printing apparatus, 
in order to perform correction of the printing position in 
the direction perpendicular to the carriage scanning di- so 
rection (auxiliary scanning direction), the ink ejecting 
openings of the head cartridge is provided over a range 
wider than a width (band width) in the auxiliary scanning 
direction of the image formed by one scan so as to per- 
mit correction of the printing position in a unit of an in- ss 
terval of the ejection openings by using with shifting the 
range of the ejection openings to be used. Namely, as 
a result of shifting of correspondence between the data 



(image data or the like) to be output and the ink ejection 
openings, it becomes possible to shift the output data 
per se. 

(Printing Pattern) 

In the foregoing first and second embodiments, the 
printing pattern, in which the measured reflection optical 
density becomes maximum when the printing position 
is consistent is used. However, in the shown embodi- 
ment, the reflection optical density becomes minimum 
when the printing positions are consistent. According to 
increasing of the offset amount of the printing positions, 
the reflection optical density in the shown pattern is in- 
creased. 

Even in the case of printing registration in the paper 
feeding direction, similarly to the foregoing first and sec- 
ond embodiments, it is possible to employ a pattern , in 
which the density becomes maximum in the condition 
where the printing positions are consistent and is de- 
creased according to increasing of offset amount in the 
printing positrons. For example, it becomes possible to 
perform printing registration with paying attention for 
dots formed by each ejection in adjacent positional re- 
lationship in the paper feeding direction between two 
heads, for example. 

Figs. 21 A to 21 C diagrammatically show the print- 
ing pattern to be used in the shown embodiment. 

In Figs. 21 A to 21 C, a white dot 82 is the dot printed 
by the first head cartridge, and a hatched dot 84 is the 
dot printed by the second head cartridge. Fig. 21 A 
shows the case where the printing positions are consist- 
ent. However, since two kinds of dots are overlapped, 
the white dot is not visually perceptible. Fig. 21 B shows 
the dot printed in the condition where the printing posi- 
tion is slightly offset, and Fig. 21 C shows the dot condi- 
tion where printing positions are further offset. As can 
be seen from Figs. 21 A to 21 C, according to increasing 
of offset amount of the printing position, the area factor 
is increased to increase average reflection optical den- 
sity as a whole. 

(Printing Registration Process) 

By providing an offset for the ejection openings of 
one of the head cartridge among two head cartridges to 
be used for adjustment ol printing registration, five print- 
ing patterns are printed with varying printing registration 
condition with respect to offsetting. Then, the reflection 
optical density of the printed patch is measured. 

Fig. 22 diagrammatically shows an example of the 
measured reflection optical density. 

In Fig. 22, the vertical axis represents the reflection 
optical density and the horizontal axis represents offset 
amount of the printing ejection openings. 

Among values of the measured reflection optical 
density, in the shown embodiment, the printing condition 
where the reflection optical density becomes the mini- 
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mum ((c) in Fig. 22) is selected as the condition where 
the best printing registration is established. 

In each of the foregoing embodiment, while embod- 
iments in the printing apparatus forming an image by 
ejecting the ink from the head cartridge toward the print- s 
ing medium 8 has been Illustrated, the present invention 
is not specified to the shown construction. After moving 
the head cartridge and the printing medium B relative to 
each other, the present invention is effectively applica- 
ble for any printing apparatus performing printing by 10 
forming dots. 

Various printing patterns shown in the first embod- 
iment is not specified for printing registration in bidirec- 
tional printing, and can be applicable for printing regis- 
tration in the longitudinal and transverse direction be- is 
tween the print heads shown in the second and third em- 
bodiments. 

The second and third embodiments show examples 
concerning a relationship between two head cartridges, 
they may be equally applicable for a relationship be- 20 
tween three or more head cartridges. For example, with 
respect to three heads, printing registration is estab- 
lished between the first head and the second head, and 
then printing registration is established between the first 
head and the third head. 25 

[FOURTH EMBODIMENT] 



(Optimal Ejection Duty Judgment Pattern) 



30 



In the printing registration of the forward scan and 
the reverse scan, if the user uses the ink or the printing 
medium easily cause bleeding, in a region where the 
dots printed in the first printing in the forward scan and 
the dots printed in the second printing in the reverse 35 
scan are located adjacent to each other in the pattern 
for printing registration, the area factor in the patch may 
not be caused significantly even by varying relative 
printing registration condition for the forward scan and 
the reverse scan, due to bleeding. Accordingly, it is dif- 40 
ficult to precisely establish printing registration to possi- 
bly cause erroneous judgment. For example, when 
printing is performed with the ink or the printing medium 
easily causing bleeding, dots formed in the forward scan 
and the reverse scan may be connected due to bleeding 45 
of the dots even when the printing positions in the for- 
ward scan and the reverse scan are differentiated to 
make difference of the density small to cause difficulty 
in selecting the optimal printing positions. 
Concerning printing registration between a plurality of so 
heads in the direction longitudinal to the carriage scan- 
ning direction, different kinds of inks are basically used. 
Depending upon composition of the ink or the like, there 
are some combination to easily cause bleeding between 
the ink dots upon printed on the printing medium. 55 

Figs. 23Ato23Ddiagrammatically illustrate manner 
of judgment of the optimal deposition duty to be used in 
the shown embodiment. 



Figs. 23Ato 23D show results of printing with vary- 
ing area factor from 25% to 100% in a rate of 25%. Fig. 
23A shows a result of print at 25% of the area factor. 
Fig. 23B shows the result of printing at 50% of the area 
factor, Fig. 23C shows the result of printing at 75% of 
the area factor, and Fig. 23D shows the result of printing 
at 100% of the area factor. Manner of thinning of the 
dots in respective patterns may be either uniform or ran- 
dom. 

Fig. 24 shows a result of measurement of the optical 
reflection index of the pattern. In the shown embodi- 
ment, the patterns are formed by the same head car- 
tridge and the same ink. 

In Fig. 24, the vertical axis represents the optical 
reflection index and the horizontal axis represents the 
ink ejection duty Depending upon relationship between 
the printing medium 8 and the ink to be used, when var- 
iation ol the optical reflection index shows linear rela- 
tionship with the ink ejection duty, the pattern for printing 
registration is printed at 1 00% of ejection duty as shown 
by a curve A. As shown by a curve B, it is possible that 
the optical reflection index enters into a saturation re- 
gion at a certain ink ejection duty. In this case, the pat- 
tern for printing registration has to be printed up to the 
ink ejection duty not entering into the saturation region. 
By this, an optimal ink ejection duty depending upon the 
ink and the printing medium to be used can be judged 
to print the printing registration pattern at the optimal ink 
ejection duty. Thus, printing registration can be well es- 
tablished. 

It can be understood that it is preferable to use the 
region of around 50 % of deposition amount. 

(Reflecting Ink ejection duty in printing registration 
Pattern) 

Figs. 25A to 25C diagrammatically illustrate pat- 
terns, for example of 50 % of deposition amount, in 
which the dots in the printing registration reference pat- 
tern is thinned into half in the direction of scanning. 

Fig. 25A shows the case where the printing posi- 
tions of the white dots and the hatched dots are consist- 
ent. Fig. 25B shows the case where the printing posi- 
tions of the white dots and the hatched dots are slightly 
offset. Fig. 25C shows the case where the printing po- 
sitions of the white dots and the hatched dots are offset 
in greater amount than that of Fig. 25B. Manner of thin- 
ning of the dots is to uniformly thin the dots in the car- 
riage scanning direction of the printing pattern in printing 
registration for bidirectional printing. The thinning rate 
may be determined on the basis of the result of judgment 
of the optimal ink ejection rate so that printing can be 
performed at the thinning rate adapted to the printing 
medium and the ink. 
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(Example of Performing Simultaneously Determining 
Deposition Date and Printing Registration) 

It is possible to simultaneously perform judgement 
of the optimal ink ejection duty and printing registration. 

Figs. 26A to 26D diagrammatically show patterns 
for simultaneously performing the optimal ink ejection 
duty judgment and printing registration. Fig. 26A shows 
the case where the printing registration pattern to be 
printed by the first head and the second head is printed 
at 25% of the ink ejection rate. Similarly, Figs. 26B to 
26D show patterns printed respectively at 50%, 75% 
and 100% of the ink ejection duty. 

Fig. 27 shows a condition where patterns (a) to (i) 
are printed at respective ink ejection duties. 

In Fig. 27, the patches in the first row are printed at 
25% of the ink ejection duty. Similarly, the patches in the 
second row are printed at 50% of the ink ejection duty, 
the patches in the third row are printed at 75% of the ink 
ejection duty, and the patches in the fourth row are print- 
ed at 100% of the ink ejection duty. 

Fig. 28 shows a relationship between a relative off- 
set amount of the printing registration patterns and the 
reflection optical density measured at respective ink 
ejection duties. When the ink ejection duty is insufficient, 
even when offset amount of the printing registration pat- 
terns is increased, sufficient contrast cannot be attained 
to make variation of the reflection optical density small 
(curve A). On the other hand, if the ink ejection duty is 
excessive, overlapping of the dots can be caused to 
make variation amount of the optical reflection index too 
small even when the offset amount of the printing reg- 
istration patterns is increased (curve D). From the 
curves of respective ink ejection duties, the ink ejection 
duty where the variation amount becomes largest, is de- 
rived to perform optimal printing registration from the 
curve of the ink ejection duty. 

In Fig. 28, both curves B and C show the same 
amount ol variation, so either of the curves may use. It 
is noted that in the same amount of variation, it is desired 
to use curve B which has a small deposition rate for sup- 
pressing the affection of cockling. 

[FIFTH EMBODIMENT] 

The fifth embodiment performs printing registration 
in the carriage scanning direction between a plurality of 
heads. 

(Explanation of Printing Registration Pattern) 

Concerning the printing pattern explained in the 
fourth embodiment, dots printed in the forward scan is 
printed by the first head in the shown embodiment, and 
the dots printed in the reverse scan is printed by the sec- 
ond head in the shown embodiment for performing print- 
ing registration. Judgment method of the printing regis- 
tration condition is similar to the fourth embodiment. 



(Optimal Ink Ejection Duty Judgment Pattern) 

Concerning use of a plurality of heads, the pattern 
for making judgment of the optimal ink ejection duty is 

5 printed similarly to the fourth embodiment for measuring 
the optical reflectbn index for respective patches. By 
distribution of the optical reflection index, a linear region 
where the optical reflection index with respect to the ink 
ejection duty is linearly varied is derived. The ejection 

10 duty where the optical reflection index is the smallest in 
the linear region is derived for each head. Subsequently, 
the printing registration is performed for the optimal ink 
ejection duty. By this, printing registration can be well 
established. The judgment method the optimal ink ejec- 

15 tion duty is similar to the fourth embodiment. 

(Reflecting Ink Ejection Duty to Printing Registration 
Pattern) 

20 On the basis of the result of judgment of the fore- 
going optimal ejection duty similarly to the fourth em- 
bodiment, a preliminarily prepared printing registration 
pattern is printed at the tinning rate adapted to the print- 
ing medium and the ink. Manner of thinning is to uni- 

25 formly thin the dots in the longitudinal direction of the 
printing pattern in printing registration between the 
heads. 

It is possible to simultaneously perform the optimal 
ink ejection duty judgement and printing registration 
30 similarly the foregoing fourth embodiment. With varying 
the ink ejection duty and the condition for printing reg- 
istration set forth above, printing is performed by the first 
head and the second head. Then, by means of the op- 
tical sensor 30, the optical reflection indexes of respec- 
ts tive patches are measured. On the basis of distribution 
of the optical reflection indexes, a linear region where 
the optical reflection index varies linearly is derived. 
Then, the ink ejection duty, at which the optical reflection 
index becomes the smallest in the linear region, is de- 
40 rived to derive the optimal printing registration condition 
at the derived ink ejection rate. 

[Sixth Embodiment] 

45 The sixth embodiment is adapted to perform print- 
ing registration in the direction perpendicular to the car- 
riage scanning direction between a plurality of heads. 

(Explanation of printing registration Pattern) 

so 

In the shown embodiment, a printing pattern where 
a relationship between longitudinal and lateral direction 
is reversed from the printing pattern explained in the fifth 
embodiment, is used. The judgment method the printing 
55 registration condition is similar to the fourth embodi- 
ment. 
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(Optimal Ink ejection duty Judgment Pattern) 

Concerning a plurality of heads to be used similarly 
to the fifth embodiment, a pattern for making judgment 
ol the optimal ink ejection duty similar to the fifth em- 
bodiment, respectively, is printed to measure the optical 
reflection indexes tor respective patches. By distribution 
of the optical reflection indexes, the linear region where 
the optical reflection index varies linearly relative to the 
ink ejection duty is derived The ejection duty where the 
optical reflection index is the smallest in the linear region 
is derived for each head. Subsequently, the printing reg- 
istration is performed for the optimal ink ejection duty. 
By this, printing registration can be well established. The 
judgment method the optimal ink ejection duty is similar 
to the fourth embodiment. 

(Reflecting Ink ejection duty to printing registration 
Pattern) 

On the basis of the result of judgment of the fore- 
going optimal ejection duty similarly to the fourth em- 
bodiment, a preliminarily prepared printing registration 
pattern is printed at the tinning rate adapted to the print- 
ing medium and the ink. Manner of thinning is to uni- 
formly thin the dots in the latitudinal direction of the print- 
ing pattern in printing registration between the heads. 

It is possible to simultaneously perform the optimal 
ink ejection duty judgement and printing registration 
similarly the loregoing fourth embodiment. With varying 
the ink ejection duty and the condition for printing reg- 
istration set forth above, printing is performed by the first 
head and the second head. Then, by means of the op- 
tical sensor 30, the optical reflection indexes of respec- 
tive patches are measured. On the basis of distribution 
of the optical reflection indexes, a linear region where 
the optical reflection index varies linearly is derived. 
Then, the ink ejection duty, at which the optical reflection 
index becomes the smallest in the linear region, is de- 
rived to derive the optimal printing registration condition 
at the derived ink ejection rate. 

While examples in the printing apparatus forming 
an image by ejecting the ink from the head cartridge to 
the printing medium have been illustrated in the shown 
embodiment, the present invention is not limited to the 
shown construction. The present invention is applicable 
for the printing apparatus performing operation of the 
head, for forming dots on the printing medium. 

[SEVENTH EMBODIMENT] 

The seventh to tenth embodiments are suitable for 
performing printing using high density and low density 
inks employing the printing apparatus shown in Figs. 1 
and 2. 

Printing can be performed by using both of the high 
density ink and an ink prepared by diluting the high den- 
sity ink into about three or four time diluted ink (low den- 



sity ink), or by solely using the diluted ink (low density 
ink). In this case, due to increasing of the case where 
the head cartridge is exchanged for printing of image 
primarily consisted of text and for printing of image pri- 

s marily consisted of graphic image, it becomes neces- 
sary to frequently perform printing registration. 

However, when the user selects the condition 
where the printing positions are well matched by visual 
observation, the ruled lines are printing on the printing 

io medium by the high density ink and the bw density ink. 
As a result, since the printing registration condition is 
determined by the user, it is possible to make it difficult 
to judge by visual observation when the low density ink 
is used. 

is Figs. 2gA to 29C show printing registration between 
the high density ink and the low density ink. 

In Figs. 29A to 29C, Fig. 29A shows the case where 
the printing positions of the white dots and the hatched 
dots are consistent. Fig. 29B shows the case where the 

20 printing positions of the white dots and the hatched dots 
are slightly offset. Fig. 29C shows the case where the 
printing positions of the white dots and the hatched dots 
are offset in greater amount than that of Fig. 29B. The 
solid lines represent the lines formed by the high density 

2S ink and the broken lines represent the lines formed by 
the low density ink. Upon performing printing registra- 
tion automatically, printing registration^ the case where 
both of the high density ink and the low density ink are 
used, and printing registration in bidirectional printing 

30 between the heads, a difference ol densities of the result 
of printing by the high density ink and the low density 
ink becomes large. Accordingly, by performing printing 
of the automatic printing registration pattern, such as the 
patches with vary relative position of the high ink (high 

35 density dots) and the low ink (low density dots) as shown 
in Figs. 26 A, 26B and 26C ; the density of the nigh den- 
sity ink is dominant. Therefore, density variation corre- 
sponding to variation cannot be obtained by the optical 
sensor to be possible to perform optimal automatic print- 

40 ing registration. Even in printing registration for bidirec- 
tional printing employing the low density ink, a sufficient 
density cannot be obtained to possible make printing 
registration impossible. 

46 (Selection Process of printing registration Condition) 

After printing the patches as printing pattern for 
printing registration, when measurement of the reflec- 
tion optical density of the pattern is performed, in the 

so seventh embodiment, a value of the minimum density 
necessary for perform printing registration and a mini- 
mum density value necessary for performing printing 
registration in density variation upon providing offset in 
the relative position of the dots formed by the first print 

65 and the second print, are defined preliminarily. Those 
values are set as predetermined values. When the result 
of measurement shows that the reflection optical density 
is in excess of the predetermined value, the process is 
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advanced to the following printing registration process. 

Figs. 30 A and 30 B show drive pulses for a head car- 
tridge. When a value exceeding the predetermined val- 
ue cannot be obtained from the result of printing, a pulse 
to be used for driving an electrothermal transducer is 
modified from a normal 6ingle pulse 51 shown in Fig. 
30A to a double pulses 52 and 53 shown in Fig. 30B. 
Subsequently, patches are printed again. Then, the re- 
flection optical density is measured again. If the value 
exceeding the predetermined value is obtained through 
this process, the process is advanced to the printing reg- 
istration process similarly to the above. Even if the value 
exceeding the predetermined value is not yet obtained, 
the pulse width of the pre-heating pulse 52 is increased 
to advance the process to the printing registration proc- 
ess. In the shown embodiment, the foregoing process 
is established under a premise that a sufficient density 
for printing registration process can be obtained. 

The fact that by modulation from the single pulse 51 
to the double pulses 52 and 53, the ejection amount of 
the in k can be varied, and that by varying the pulse width 
of the pre-heating pulse, the ink ejection amount can be 
varied, has been disclosed in Japanese Patent Applica- 
tion Laid-open No. 5-092565 (1993). 

Upon checking whether the ink density is in excess 
of the predetermined value or not, simple patches for 
density measurement are prepared separately. By print- 
ing such simple patches in advance of printing registra- 
tion, density is measured. It is possible to advance the 
process of printing of the printing pattern for printing reg- 
istration and selection of the printing position after var- 
ying the ejection amount according to the foregoing 
method. 

Adjustment of the printing density can be performed 
by varying number of ink droplets to be ejected on the 
pixel instead of varying the ejection amount of the ink. 
For example, if the dye density ratio of the high density 
ink and the low density ink is 3 : 1, the near density as 
the density obtained by ejecting one ink droplet of the 
high density ink can be obtained by ejecting three ink 
droplets of the tow density ink. In consideration of bleed- 
ing caused by the printing medium 8, it is possible to set 
the number of the low density ink droplets to be two. 

[EIGHTH EMBODIMENT] 

The eighth embodiment is directed for a printing 
method performing respective printing by the first print 
and the second print employing a plurality of head car- 
tridges for forming the image. In detail, in a printing 
method forming an image by performing a printing in the 
forward scan and the reverse scan, relative printing reg- 
istration of the printing positions in the forward scan and 
the reverse scan is established. The construction of the 
printing apparatus to be used in the shown embodiment 
and the printing pattern for printing registration are sim- 
ilar to the foregoing seventh embodiment. Concerning 
printing registration process, in place of the first print 



and the second print in the foregoing seventh embodi- 
ment, printing registration can be similarly established 
by using printing in the forward scan and printing in the 
reverse scan. 

5 

(Selection Process of printing registration Condition) 

In the shown embodiment, the dots printed in the 
first head cartridge is printed in the forward scan and the 
io dots printed in the second head cartridge is printed in 
the reverse scan for performing selection process of the 
printing registration condition, in the seventh embodi- 
ment. 

Fig. 31 is a flowchart showing a procedure of selec- 
ts Won process of the printing registration condition in the 
shown embodiment. 

As shown in Fig. 31 , the printing pattern is printed 
at step S81 . Then, measurement of the reflection optical 
density of the printed pattern is performed similarly to 
20 the seventh embodiment. 

Next, at step S82, check is performed whether the 
highest reflect ton optical density among the measured 
reflection optical densities falls within the predetermined 
value. When the result of checking shows that the high- 
2S est reflection optical density falls within the predeter- 
mined value, the process is advanced to step S83. 

When the reflection optical density is smaller than 
the predetermined value, the process is advanced to 
step S84. By means of a sub-heater 142 (Fig. 6) mount- 
30 ed on the head cartridge 1 , a holding temperature of the 
ink of the head is varied (from normal 23 °C to 30 °C for 
the first time, from 30 °C to 35 °C for the second time) 
to elevate the temperature of the ink. After thus increas- 
ing the ejection amount of the ink by film boiling, the 
35 process is returned to step S81 . 

A large number of varying patterns of the holding 
temperature are preliminarily set with small temperature 
steps. It is also possible to increase number of times of 
judgment by permitting further variation of the holding 
40 temperature when the reflection optical density is 
judged to be still inappropriate. However, in the shown 
embodiment, variation patterns of the temperature are 
to be three (23 °C, 30 °C and 35 °C). Even when judg- 
ment is made that the result of the second judgment is 
45 still inappropriate, the process is advanced to step S83 
after varying the holding temperature. 

In the shown embodiment, the sub-heater 142 is 
employed for holding temperature of the ink. However, 
it is also possible to hold the temperature by driving the 
so ejection heater 25 employed for ejection ol the ink. 

In printing registration in the carriage scanning di- 
rection between the forward and the reverse printing, 
printing registration with further higher precision can be 
performed by controlling the ink deposition amount for 
ss the ink having lower ink density in the first and second 
printing. 
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[NINTH EMBODIMENT] 

The ninth embodiment is a printing method for per- 
forming printing by the first head and the second head 
employing a plurality ol head cartridges to form the im- s 
age. In detail, the ninth embodiment concerns printing 
registration in the carriage scanning direction between 
different heads of the first head and the second head. 

A construction of the printing apparatus to be em- 
ployed in the shown embodiment, the printing patterns 
for printing registration and the printing registration 
process are similar to those of the seventh embodiment 
set forth above. 

In the head cartridge, the ink density to be loaded 
in the head and the condition for ejecting the ink amount 
required upon printing registration using the ink are 
stored. By printing the printing registration pattern using 
this condition, the printing registration process is per- 
formed on the basis of the result of printing. Thus, opti- 
mal register position can be selected. 

[TENTH EMBODIMENT] 

The tenth embodiment is directed to a printing 
method for performing printing by the first head and the 
second head, respectively, with employing a plurality of 
head cartridges to form the image. Particularly, the tenth 
embodiment concerns printing registration in the car- 
riage scanning direction between different heads, i.e. 
the first head and the second head. 

At first, the printing patterns explained later are 
printed on the printing medium 8 with varying relative 
printing registration condition of printing of the first head 
and the second head. Then, the user visually selects the 
condition where the best printing registration is estab- 
lished. Subsequently, by operating the host computer, 
the printing registration condition is set. 

The construction of the printing apparatus in the 
shown embodiment is the construction where optical 
sensor 30 set on carriage 2 shown in diagrammatic il- 
lustration in Figs. 1 or 2 is removed from the construction 
in seventh embodiment. 

(Printing Pattern for printing registration) 

Fig. 32 is a printing pattern for printing registration 
to be employed in the shown embodiment. 

In Fig. 32, an upper thin ruled line 55 is a ruled line 
printed on the printing medium by the first head, and a 
lower thick ruled line 57 is a ruled line printed on the 
printing medium by the second head, (a) to (e) represent 
printing positions. The printing position (c) shows the 
ruled line as printed in the condition where the printing 
conditions of the first head and the second head are 
matched. The printing positions (b) and (d) are ruled 
lines printed in the condition where the printing positions 
of the first and second heads are slightly offset. The 
printing positions (a) and (e) are ruled lines printed in 



the condition where the printing positions of the first and 
second heads are offset in greater amount. 

(Selection of printing registration Condition, printing 
registration Process) 

Upon implementation of printing registration em- 
ploying the printing registration pattern, the conditions, 
such as the ink to be loaded and ejection amount upon 
printing registration are preliminarily stored in the head 
cartridge. At this time, the printing condition for printing 
registration is set in such a manner that if the loaded ink 
is the low density ink, twice ejection for the same pixel 
is used. After printing the printing pattern for printing reg- 
istration under this condition, the condition where the 
best printing registration is established, is visually se- 
lected among the printed patterns by the user. Thereaf- 
ter, the printing registration condition is set by operating 
the host computer. 

The respective of foregoing first to tenth embodi- 
ments may be used with arbitrary combination so that 
better printing registration can be established. 

Concerning anyone of the first to ninth embodi- 
ments, various conditions, such as the driving frequency 
or the head temperature or so forth for printing the print- 
ing pattern for printing registration, can be different from 
the driving frequency or the head temperature to be 
used for actual printing. Therefore, after judgment of the 
printing registration condition, correction is performed 
with respect to difference of the driving frequency, the 
head temperature or the like as required. The correction 
can be done arithmetically using some equations. In the 
alternative, data of the printing timing concerning actual 
conditions is preliminarily prepared for each printing pat- 
tern. According to the result of judgment of condition of 
printing registration, those are used as printing timing 
as they are. In the alternative, the printing timing is de- 
rived by interpolation. 

In the above embodiments, it is explained to use 
print head in ink-jet type, the present invention may be 
applicable to print head of thermal-transfer-type and 
thermal-sublimation -type .And the print head of the 
present invention is a concept including print unit of elec- 
trophotography-type, so the present invention mat be 
applicable to electrophotography-type. 

According to the present invention, by performing 
increasing the ink ejection amount per se, use of a plu- 
rality of inks and combination thereof, the printing den- 
sity can be increased to enable printing registration be- 
tween the heads, in which the printing densities are sig- 
nificantly different. Also, it becomes possible to estab- 
lish printing registration in bidirectional printing. 

As a result, the user may perform printing registra- 
tion without paying attention for the density of the ink 
and combination of heads among a plurality of heads. 
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(Further description) 

The present invention achieves distinct effect when 
applied to a recording head or a recording apparatus 
which has means for generating thermal energy such s 
as electrothermal transducers or laser light, and which 
causes changes in ink by the thermal energy so as to 
eject ink. This is because such a system can achieve a 
high density and high resolution recording. 

A typical structure and operational principle thereof io 
is disclosed in U.S. patent Nos. 4,723,129 and 
4,740,796, and it is preferable to use this basic principle 
to implement such a system. Although this system can 
be applied either to on-demand type or continuous type 
ink jet recording systems, it is particularly suitable for is 
the on-demand type apparatus. This is because the on- 
demand type apparatus has electrothermal transduc- 
ers, each disposed on a sheet or liquid passage that re- 
tains liquid (ink), and operates as follows: first, one or 
more drive signals are applied to the electrothermal 
transducers to cause thermal energy corresponding to 
recording information; second, the thermal energy in- 
duces sudden temperature rise that exceeds the nucle- 
ate boiling so as to cause the film boiling on heating por- 
tions of the recording head; and third, bubbles are grown 2S 
in the liquid (ink) corresponding to the drive signals. By 
using the growth and collapse of the bubbles, the ink is 
expelled from at least one of the ink ejection orifices of 
the head to form one or more ink drops. The drive signal 
in the form of a pulse is preferable because the growth 30 
and collapse of the bubbles can be achieved instanta- 
neously and suitably by this form of drive signal. As a 
drive signal in the lorm of a pulse, those described in U. 
S. patent Nos. 4 ; 463,359 and 4,345,262 are preferable. 
In addition, it is preferable that the rate of temperature 35 
rise of the heating portions described in U.S. patent No. 
4,31 3,124 be adopted to achieve better recording. 

U.S. patent Nos. 4,558,333 and 4,459,600 disclose 
the lollowing structure of a recording head, which is in- 
corporated to the present invention: this structure in- 40 
eludes heating portions disposed on bent portions in ad- 
dition to a combination of the ejection orifices, liquid pas- 
sages and the electrothermal transducers disclosed in 
the above patents. Moreover, the present invention can 
be applied to structures disclosed in Japanese Patent 46 
Application Laying-open Nos. 123670/1984 and 
138461/1984 in order to achieve similar effects. The 
former discloses a structure in which a slit common to 
all the electrothermal transducers is used as ejection or- 
ifices of the electrothermal transducers, and the latter so 
discloses a structure in which openings for absorbing 
pressure waves caused by thermal energy are formed 
corresponding to the ejection orifices. Thus, irrespective 
of the type ol the recording head, the present invention 
can achieve recording positively and effectively. ss 

The present invention can be also applied to a so- 
called full-line type recording head whose length equals 
the maximum length across a recording medium. Such 



a recording head may consists of a plurality ol recording 
heads combined together, or one integrally arranged re- 
cording head. 

In addition, the present invention can be applied to 
various serial type recording heads: a recording head 
fixed to the main assembly of a recording apparatus; a 
conveniently replaceable chip type recording head 
which, when loaded on the main assembly of a record- 
ing apparatus, is electrically connected to the main as- 
sembly, and is supplied with ink therefrom; and a car- 
tridge type recording head integrally including an ink 
reservoir. 

It is further preferable to add a recovery system, or 
a preliminary auxiliary system for a recording head as a 
constituent of the recording apparatus because they 
serve to make the effect of the present invention more 
reliable. Examples of the recovery system are a capping 
means and a cleaning means for the recording head, 
and a pressure or suction means for the recording head. 
Examples of the preliminary auxiliary system are a pre- 
liminary heating means utilizing electrothermal trans- 
ducers or a combination of other heater elements and 
the electrothermal transducers, and a means for carry- 
ing out preliminary ejection of ink independently of the 
ejection for recording. These systems are effective for 
reliable recording. 

The number and type of recording heads to be 
mounted on a recording apparatus can be also 
changed. For example, only one recording head corre- 
sponding to a single color ink, or a plurality of recording 
heads corresponding to a plurality of inks different in 
color or concentration can be used. In other words, the 
present invention can be effectively applied to an appa- 
ratus having at least one of the monochromatic, multi- 
color and full-color modes. Here, the monochromatic 
mode performs recording by using only one major color 
such as black. The multi-color mode carries out record- 
ing by using different color inks, and the full-color mode 
performs recording by color mixing. 

Furthermore, although the above-described em- 
bodiments use liquid ink, inks that are liquid when the 
recording signal is applied can be used: for example, 
inks can be employed that solidify at a temperature low- 
er than the room temperature and are softened or lique- 
fied in the room temperature. This is because in the ink 
jet system, the ink is generally temperature adjusted in 
a range of 30°C - 70°C so that the viscosity of the ink is 
maintained at such a value that the ink can be ejected 
reliably. 

In addition, the present invention can be applied to 
such apparatus where the ink is liquefied just before the 
ejection by the thermal energy as follows so that the ink 
is expelled from the orifices in the liquid state, and then 
begins to solidify on hitting the recording medium, there- 
by preventing the ink evaporation: the ink is transformed 
from solid to liquid state by positively utilizing the ther- 
mal energy which would otherwise cause the tempera- 
ture rise; or the ink, which is dry when left in air, is liq- 
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uefied in responseto the thermal energy of the recording 
signal. In such cases, the ink may be retained in recess- 
es or through holes formed in a porous sheet as liquid 
or solid substances so that the ink faces the electrother- 
mal transducers as described in Japanese Patent Ap- 
plication Laying-open Nos. 56B47/1 979 or 71 260/1 985. 
The present invention is most effective when it uses the 
film boiling phenomenon to expel the ink. 

Furthermore, the ink jet recording apparatus of the 
present invention can be employed not only as an image 
output terminal of an information processing device 
such as a computer, but also as an output device of a 
copying machine including a reader, and as an output 
device of a facsimile apparatus having a transmission 
and receiving function. 

The present invention has been described in detail 
with respect to various embodiments, and it will now be 
apparent from the foregoing to those skilled in the art 
that changes and modifications may be made without 
departing from the invention in its broader aspects, and 
it is the intention, therefore, in the appended claims to 
cover all such changes and modifications as fall within 
the true spirit of the invention. 

As set forth above, according to the present inven- 
tion, a plurality of patterns showing density variable de- 
pending upon offset amount thereof are formed depend- 
ing upon a plurality of mutually different offset amounts 
of the printing positions. With respect to these patterns, 
printing registration process is performed on the basis 
of a plurality of the measured density, is performed. 
Therefore, the pattern showing the highest density or 
the lowest density among a plurality of densities can be 
set as a condition where the best printing registration is 
established. 

Furthermore, according to the present invention, it 
becomes possible to accurately establish printing reg- 
istration by avoiding influence of bleeding due to the 
printing medium and/or the ink to be used, deriving the 
ink ejection duty, and forming the printing registration 
pattern in the means for reading the reflection optical 
density, the reflected light intensity or the reflection in- 
dex of the pattern printed by the printing apparatus, by 
the optical sensor mounted on the carriage. 

As a result, without troubling user, printing registra- 
tion can be established with simple construction. 

The present invention has been described with re- 
spect to various embodiments, and it will now be appar- 
ent from the foregoing to those skilled in the art that 
changes and modifications may be made without de- 
parting Irom the invention in its broader aspect, and it is 
the invention, therefore, in the appended claims to cover 
all such changes and modifications as fall within the true 
spirit of the invention. 



70 



is 



20 



2S 2. 



30 



3S 



40 



45 



SO 



6. 



Claims 



1 . A printing apparatus performing printing on a print - 



55 



ing medium by using a print head, characterized by 
comprising: 

control means for controlling said print head for 
forming a plurality ol patterns respectively hav- 
ing optical characteristics corresponding to a 
plurality of offset amounts, which plurality of 
patterns being patterns formed by a first print- 
ing and a second printing to be registered, and 
said plurality of patterns being formed corre- 
sponding to a plurality of offset amounts of rel- 
ative printing positions of said first print and 
said second print; 

optical characteristics measuring means for 
measuring optical characteristics of respective 
of a plurality of patterns formed by said control 
means; and 

printing registration means for performing print- 
ing registration process of said first print and 
said second print on the basis of respective op- 
tical characteristics of a plurality of patterns 
measured by said optical characteristics meas- 
uring means. 

A printing apparatus as claimed in claim 1 , charac- 
terized in that said first printing and said second 
printing are a print in a forward scan and a print in 
a reverse scan upon performing printing by bidirec- 
tional^ scanning said print head on said printing 
medium. 

A printing apparatus as claimed in claim 1 , charac- 
terized in that said first print and said second print 
are a pnnt uy a first print head aiiu a ini by a sec- 
ond print head among a plurality of print heads, and 
said control means forms a pattern concern- 
ing an offset amount in a direction relatively scan- 
ning said first and second print head with respect to 
said printing medium. 

A printing apparatus as claimed in claim 1 , charac- 
terized in that said control means forms patterns at 
a pitch wider than a pitch of the printing position 
which said printing apparatus can be controlled. 

A printing apparatus as claimed in claim 1 , charac- 
terized in that said printing registration means de- 
rives a printing registration condition adapted to the 
printing position by calculation employing sequen- 
tial values on the basis of optical characteristics da- 
ta obtained by said optical characteristics measur- 
ing means. 

A printing apparatus as claimed in claim 5, charac- 
terized in that said printing registration means in- 
cludes means for deriving a printing registration 
condition including a printing position parameter 
more precise than said printing registration condi- 
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tion or a printing position parameter different from 
said printing registration condition. 

7. A printing apparatus as claimed in claim 1 , charac- 
terized in that said first print and said second print 
are a print printed by a first print head and a print 
printed by a second print head, and said control 
means forms pattern concerning the offset amount 
in a direction different from a direction of relative 
scan of said first and second print head with respect 
to said printing medium. 

8. A printing apparatus as claimed in claim 1 , charac- 
terized in that said control means arranges dots 
formed by said first print and dots formed by said 
second print, relative positional relationship of said 
dots is varied corresponding to said plurality of off- 
set amounts for varying a ratio of said dots covering 
said printing medium for forming a plurality of pat- 
terns representative of optical characteristics de- 
pending upon said offset amounts. 

9. A printing apparatus as claimed in claim 8, charac- 
terized in that said control means forms a pattern 
reducing density of the optical characteristics ac- 
cording to increasing of offset amount in said plu- 
rality of patterns. 

10. A printing apparatus as claimed in claim 8, charac- 
terized in that said control means sets a rate of cov- 
erage of said printing medium by said dots to be 
approximately 100% at the maximum. 

11. A printing apparatus as claimed in claim 10, char- 
acterized in that when said rate is approximately 
1 00%, said control means arranges the dots formed 
by said first print and the dots formed by said sec- 
ond prints within a range from a distance where re- 
spective dots contacts with each other at least to a 
distance equal to a radius of one of the dots. 

12. A printing apparatus as claimed in claim 8, charac- 
terized in that said control means forms a pattern 
increasing a density as the optical characteristics 
according to increasing of offset amount in a plural- 
ity of patterns. 

13. A printing apparatus as claimed in claim 8, charac- 
terized in that said optical characteristics measuring 
means measures respective average optical char- 
acteristics of a plurality of patterns. 

14. A printing apparatus as claimed in claim 13, char- 
acterized in that said optical characteristics meas- 
uring means measures the optical characteristics 
by said optical sensor and a measuring spot of said 
optical sensor is set to be wider than the dots of said 
pattern. 



15. A printing apparatus as claimed in claim 13, char- 
acterized in that said optical characteristics meas- 
uring means has an optical sensor of a lower reso- 
lution than resolution of dots printed by said control 

£ means. 

16. A printing apparatus as claimed in claim 13, char- 
acterized in that said optical characteristics meas- 
uring means measures the optical characteristics 

10 by said optical sensor, and an average of the optical 
characteristics measured by scanning said optical 
sensor on said pattern is taken as optical charac- 
teristics of a plurality of patterns. 

16 17. A printing apparatus as claimed in claim 9, charac- 
terized in that said printing registration means de- 
rives a sequential density distribution on the basis 
of density as respective optical characteristics 
measured with respect to a plurality of said patterns 
and sets a condition corresponding to the maximum 
value of said sequential density distribution as an 
optimal printing registration condition. 

18. A printing apparatus as claimed in claim 9, charac- 
terized in that said printing registration means sets 
a condition of offset amount corresponding to the 
maximum density among density as respective op- 
tical characteristics measured with respect to said 
plurality of patterns, as an optimal printing registra- 
tion condition. 

19. A printing apparatus as claimed in claim 12, char- 
acterized in that said printing registration means de- 
rives a sequential density distribution on the basis 
of density as respective optical characteristics 
measured with respect to a plurality of patterns and 
sets a condition corresponding to the minimum val- 
ue of said sequential density distribution as an op- 
timal printing registration condition. 

20. A printing apparatus as claimed in claim 12, char- 
acterized in that said printing registration means 
sets a condition of offset amount corresponding to 
the minimum optical characteristics among optical 
characteristics as respective optical characteristics 
measured with respect to said plurality of patterns, 
as an optimal printing registration condition. 

21. A printing apparatus as claimed in claim 1, further 
comprises optical characteristics modifying means 
for making judgement whether the optical charac- 
teristics measured by said optical characteristics 
measuring means is sufficient for processing print- 
ing registration by said printing registration means, 
and modifying the optical characteristics of the pat- 
tern formed by said control means on the basis of 
said judgment. 
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22. A printing apparatus as claimed in claim 9, further 
comprises pattern modifying means for making 
judgment whether the density as a plurality of opti- 
cal characteristics measured by said optical char- 
acteristics measuring means is decreased or in- s 
creased according to increasing of said offset 
amount in an extent enabling printing registration 
process by said printing registration means, and 
modifying said plurality of patterns to be formed by 
said control means on the basis of said judgment. io 

23. A printing apparatus as claimed in any one of claims 
1 to 22, characterized in that said print head is for 
performing printing by ejecting an ink and has a 
thermal energy generating body generating a ther- is 
mal energy to be used for ink ejection. 

24. A printing apparatus as claimed in claim 1 , charac- 
terized in that said control means further comprises 
optical ejection duty judgement means for printing 20 
a plurality of patterns with varying ejection duty in a 
predetermined patch, shifting either one or both of 
said carriage and said printing medium so that the 
optical sensor mounted on said carriage and the 
pattern to be said print become a corresponding po- 2s 
sition, measuring the optical reflection index with re- 
spect to the ejection duty of said patch, deriving a 
region where the optical reflection index with re- 
spect to the ejection duty becomes large rate of 
change from distribution of the measured optical re- 30 
flection index, and deriving an optimal ejection duty 
at which the optical reflection index is maximum in 
said region. 



25. A printing apparatus as claimed in claim 24, char- 35 
acterized in that said maximum ejection duty judge- 
ment means modifies print of printing registration 
pattern to be printed next on the basis of the optimal 
ejection duty derived by said optimal ejection duty 
judgment means. 40 

26. A printing apparatus as claimed in claim 24, when 
said printing registration means performs printing 
registration for the forward scan and the reverse 
scan, a first pattern used for the print in the forward 45 
scan and a second pattern used for the printing in 

the reverse scan are pattern increasing the optical 
reflection index according to increasing of offset of 
printing position of said first and second patterns. 

so 

27. A printing apparatus as claimed in claim 24, char- 
acterized in that said printing registration means 
prints a first pattern to be used for the print in the 
forward scan and a second pattern to be used for 
the print in the reverse scan, shifts either or both of ss 
said carriage and said printing medium for placing 
said optical sensor mounting on said carriage and 

the pattern to be printed at corresponding positions, 



measures the optical reflection index of respective 
patches, derives the ejection duty, at which the var- 
iation amount of said optical reflection index be- 
comes maximum, and derives the optimal printing 
registration condition at the derived ejection duty, 
when printing registration is performed for the for- 
ward scan and the reverse scan. 

28. A printing apparatus as claimed in claim 1 , charac- 
terized in that said control means further comprises 
optimal ejection duty judgement means for printing 
a plurality of patterns varying ejection duty within a 
predetermined patches per each of a plurality of 
print heads, shifting either or both of said carriage 
and said printing medium for placing said optical 
sensor mounting on said carriage and the pattern 
to be printed at corresponding positions, measuring 
the optical reflection index with respect to the ejec- 
tion duty of said patch, deriving a region where the 
optical reflection index with respect to the ejection 
duty becomes large rate of change from distribution 
of the measured optical reflection index, and deriv- 
ing an optimal ejection duty at which the optical re- 
flection index is maximum in said region. 

29. A printing apparatus as claimed in claim 28, char- 
acterized in that said optimal ejection duty judgment 
means modifies print of printing registration pattern 
to be printed next per each head on the basis of the 
derived optimal ejection duty per each head. 

30. A printing apparatus as claimed in claim 28, char- 
acterized in that said printing registration means 
prints the first pattern and the second pattern vary- 
ing the ejection rate and the printing position, shifts 
either or both of said carriage and the printing me- 
dium to place the optical sensor mounted on the 
carriage and the printed pattern being in the corre- 
sponding positions, derives the ejection duty where 
the variation amount of the optical reflection index 
is maximum, and derives the optimal printing regis- 
tration condition on the basis of ejection duty, when 
printing registration between the print heads in the 
scanning direction is established using a plurality of 
print heads. 

31. A printing apparatus as claimed in claim 28, char- 
acterized in that said printing registration means 
prints the first pattern and the second pattern vary- 
ing the ejection rate and the printing position, shifts 
either or both of said carriage and the printing me- 
dium to place the optical sensor mounted on the 
carriage and the printed pattern being in the corre- 
sponding positions, measures the optical reflection 
index of respective patches, derives the ejection du- 
ty where the variation amount of the optical reflec- 
tion index is maximum, and derives the optimal 
printing registration condition on the basis of ejec- 
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tion duty, when printing registration between the 
print heads in the a direction perpendicular to the 
scanning direction is established using a plurality of 
print heads. 

32. A printing apparatus performing printing on a print- 
ing medium using a print head, when a pattern is 
formed by a first print and a second print to be reg- 
istered and the patterns of the prints are performed 
by inks of different color development, said appara- 
tus characterized by comprising: 

control means for printing a predetermined pat- 
terns by using an ink of relatively low density 
for any one of said first print and said second 
print, and ejecting relatively large amount of ink 
for print of said ink of relatively low density on 
said printing medium; 

printing registration condition selecting means 
for providing information of the printing position 
to said printing apparatus; and 
printing registration means performing printing 
registration process of said first print and said 
second print on the basis of said information 
provided by said printing registration condition 
selecting means. 

33. A printing apparatus as claimed in claim 32, char- 
acterized in that said first print and said second print 
are a print by a first print head and a print by a sec- 
ond print head among a plurality of print heads, and 

said control means forms a pattern concern- 
ing an offset amount in a direction relatively scan- 
ning said first and second print head with respect to 
said printing medium. 



means measures the optical characteristics of a 
plurality of patterns formed by said control means 
and selecting printing registration condition on the 
basis of the result of measurement. 

37. A printing apparatus as claimed in claim 33, char- 
acterized in that said printing registration condition 
selecting means preliminarily provides information 
to be used by the print head in said print head and 
relatively varies the ejecting ink amount on the basis 
of said information. 

.j 

38. A printing apparatus as claimed in any one of claims 
35 to 37, characterized in that said control means 
includes means for varying deposition amounts of 
said first print and said second print on the basis of 
the ink amount varied by said printing registration 
condition selecting means. 

A printing apparatus as claimed in claim 38, char- 
acterized in that said means for varying the deposi- 
tion amount ejects the ink having lower density in 
relatively large amount by varying a driving control 
pulse of said print head. 

A printing apparatus as claimed in claim 38, char- 
acterized in that said means for varying the deposi- 
tion amount ejects the ink having lower density in 
relatively large amount by varying an energy ap- 
plied to said print head. 

41 . A printing apparatus as claimed in claim 38, char- 
acterized in that said means for varying deposition 
amount ejecting the ink varies a holding tempera- 
ture of the head and varies the ink ejection amount. 
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34. A printing apparatus as claimed in claim 32, char- 
acterized in that said first printing and said second 
printing are a print in a forward scan and a print in 
a reverse scan upon performing printing by bidirec- 
tional^ scanning said print head on said printing 
medium. 

35. A printing apparatus as claimed in claim 33, char- 
acterized in that said printing registration condition 
selecting means permits the user to select the print- 
ing registration condition on the basis of the result 
of printing of the pattern and inputs said condition 
to said printing apparatus. 

36. A printing apparatus as claimed in claim 33, char- 
acterized in that said control means forms a plurality 
of patterns respectively formed corresponding to a 
plurality of offset amounts of relative printing posi- 
tions in said first print and said second print and rep- 
resenting respective optical characteristics corre- 
sponding to said offset amount, 

said printing registration condition selecting 



42. A printing apparatus as claimed in claim 38, char- 
acterized in that means for varying the deposition 
amount ejects the ink for a plurality of times for the 

40 same pixel. 

43. A printing method for performing printing registra- 
tion of a printing apparatus which performs printing 
on a printing medium by a printing by said print 

45 head, characterized by comprising the steps of: 

forming a plurality of patterns which are pat- 
terns formed by said first print and said second 
print for establish printing registration, respec- 
60 tively formed by corresponding to a plurality of 

offset amounts of relative printing positions be- 
tween said first print and said second print; 
measuring respective optical characteristics of 
a plurality of patterns formed; and 
55 performing printing registration process of the 

said first print and said second print on the ba- 
sis of the optical characteristics of respective of 
a plurality of said measured patterns. 



so 
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44. A printing apparatus as claimed in claim 5, charac- 
terized in that said printing registration means de- 
rives a printing registration condition adapted to the 
printing position by calculation using a linear ap- 
proximation or a polynomial approximation. £ 

45. A printing apparatus or method, wherein in use a 
plurality of patterns are printed with different offset 

. amounts, optical characteristics of the patterns are 
measured and print registration is performed in ac- io 
cordance with the measured optical characteristics. 

46. A printing apparatus or method having the features 
recited in any one or any combination of the preced- 
ing claims. is 
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